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I. — Report  on  the  Production  of  Nitric  Acid  from  the  Free  Nitrogen 

of  Hie  Air.    By  E.  M.  Dixon,  B.  Sc. 


[Read  before  the  Chemical  Section,  November  8,  1875.] 


Introduction. 


The  members  of  this  Society  will  recollect  that  near  the  close  of  last 
session,  Mr.  Stanford,  Dr.  Clark,  and  myself  were  requested  to 
bring  forward,  as  early  as  possible,  a  Report,  stating  what  seemed 
to  XLS  to  be  reliably  ascertained  facts  regarding  the  formation  of 
nitric  acid  from  the  free  nitrogen  of  the  air.  The  statement  hereby 
submitted  to  the  Society  is  Part  I.  of  the  complete  Report  that  is 
contemplated  ;  and,  regarding  its  authorship,  it  may  be  said  that  it 
was  found  most  convenient  to  leave  the  drawing  of  it  up  in  my 
hands,  Mr.  Stanford  and  Dr.  Clark  aiding  me  with  their  sug- 
gestions. 

Upon  looking  carefully  into  the  subject,  I  became  convinced  that 
if  the  Report  desired  by  the  Society  were  to  possess  any  permanent 
value,  it  must  consist,  firstly,  of  a  critical  review  of  the  most 
important  investigations  that  have  as  yet  appeared  upon  the  sub- 
ject under  discussion;  and,  secondly,  of  an  experimental  examination 
of  some  points  connected  with  it,  upon  which  it  does  not  appear  for 
the  present  safe  to  decide.  The  results  of  that  experimental 
investigation,  which  is  now  in  progress,  will  be  presented  as  soon 
as  possible,  and  will  form  Part  II.  of  this  Report;  meanwhile 
the  part  now  laid  before  the  Society  contains,  in  as  condensed  a 
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form  as  possible; ':t^e  conclusions  that  the  existing  state  of  the 
literature  of  tBe'4tiestion  appears  to  waiTant. 

As  the  adeqii^te  discussion  of  questions  connected  with  oxidation 

necessarily«i£hroIves  reference  to  ozone,  and  possibly  also  to  antozone, 

it  was  con^dered  proper  to  prepare  the  way  for  the  discussion  of 

the  special  topics  of  this  Report  by  a  sketch  of  the  evidence  from 

w^iti^h  \€  is  here  inferred,  that  from  whatever  source  ozone  may  be 

pt>ib^ed,  it  is  simply  an  allotropic  form  of  oxygen ;  but  that  antozone 

TjiTaot  another  such  form  of  oxygen,  notwithstanding  the  arguments 

'.••<if  Schonbein  and  others  to  the  contrary.     Accordingly,  the  first 

..  *•  two  paragraphs  of  the  Report  are  occupied  with  the  discussion  of 

>     the  evidence  regarding  the  composition  of  ozone  and  of  antozone 

respectively. 

Regarding  the  second  of  these  paragraphs,  it  may  be  here 
remarked,  that  the  conclusions  contained  in  it  with  respect  to  the 
composition  of  antozone  are  presented  with  a  due  knowledge  of  the 
fact,  that  it  is  impossible,  within  the  limits  of  a  short  paragraph,  to 
state  fully  the  arguments  adduced  by  Schonbein,  Meissner,  and 
others,  in  favour  of  the  view  that  antozone  is  an  allotropic  form  of 
oxygen.  It  seems  to  me,  however,  that  these  arguments  only  go  to 
make  out  a  strong  case  of  circumstantial  evidence  in  favour  of  the 
view  in  question ;  but  that,  in  consideration  of  the  more  direct 
evidence  supplied  by  recent  investigations,  we  cannot  avoid  the 
rejection  of  Schonbein's  conclusions  with  respect  to  the  nature  of 
antozone  and  with  respect  to  the  supposed  resolution  of  common 
oxygen  into  ozone  and  antozone  in  all  phenomena  of  oxidation. 

Among  Schonbein's  most  important  investigations  which  bear 
upon  the  subject  of  this  Report,  we  must  place  those  relating  to  the 
phenomena  of  slow  oxidation.  The  conclusions  at  which  he  arrived 
on  that  head  are  intimately  connected  with  those  just  referred  to ; 
and  as  it  is  here  attempted  to  shew  that,  in  opposition  to  his  view, 
common  oxygen  is  not  capable  of  resolution  into  ozone  and  antozone, 
it  appeared  necessary  to  point  out  the  attitude  that  chemists  must 
for  the  present  assume  with  regard  to  the  phenomena  of  slow  oxida- 
tion. Accordingly,  the  third  paragraph  is  occupied  with  a  few 
remarks  on  that  subject. 

In  the  fourth  paragraph  are  discussed  all  the  conditions  under 
which  nitric  acid  has  been  said  to  result  from  the  oxidation  of  the 
free  nitrogen  of  the  air.  The  results  obtained  by  recent  investiga- 
tions in  Geimany  are  here  fully  stated ;  and  from  the  evidence 
adduced  it  appears  impossible  to  resist  the  conclusion,  that  the  pro- 
duction of  nitric  acid  from  the  source  in  qxiestion  is  not  nearly  on 
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80  great  a  scale  as  it  has  been  frequently  asserted  hj  chemists 
to  be. 

Finally,  in  the  fifth  paragraph,  an  attempt  is  made  to  state  exactly 
the  conditions  under  which,  according  to  the  existing  state  of  the 
evidence  on  the  subject,  nitric  acid  is  formed  in  nature  from  the 
free  nitrogen  of  the  air. 

Section  I. 

In  the  year  1840  Schonbein  published  his  first  observations  upon 
ozone.  He  had  observed  that  the  oxygen  coming  from  the  electro- 
lysis of  water  has  the  same  peculiar  smell  as  may  be  felt  in  the  air 
around  the  charged  conductor  of  an  electrical  machine,  and  that 
oxygen  which  has  this  peculiar  smell  is  capable  of  electrifying 
negatively  a  plate  of  gold  or  of  platinum  immersed  in  it.  Schon- 
bein*s  idea  then  was  that  we  must  assume  the  existence  in  air  and 
in  water  of  an  electrolyte  as  yet  unknown,  and  whose  electro- 
positive component  is  probably  hydrogen,  while  its  electro-negative 
component  is  a  substance  having  a  smell  resembling  that  of  chlorine, 
and  possessed  of  strongly  oxidising  powers.  To  this  hypothetical 
substance  he  gave  the  name  of  ozone. 

In  1844  Schonbein  found  that,  in  the  slow  combustion  of  phos- 
phorus in  air,  not  only  does  the  same  smell  manifest  itself,  but  that, 
mingled  with  the  products  of  combustion,  there  is  a  substance 
possessed  of  the  same  energetic  power  in  the  way  of  effecting 
oxidation  as  the  ozone  derived  from  the  electrolysis  of  water  or 
from  the  electrical  discharge  in  air.  He  assumed  that  the  peculiar 
substance  in  all  these  three  cases  was  the  same ;  and  having  found, 
as  he  then  thought,  that  the  presence  of  nitrogen  is  necessary  to  its 
production  from  the  slow  oxidation  of  phosphorus,  and  that  it  is  not 
produced  in  the  electrolysis  of  water  from  which  nitrogen  has  been 
previously  expelled  by  boiling,  he  came  to  the  conclusion  that  the 
hitherto  unknown  electrolyte  is  really  nitrogen,  and  that  this  gas 
must  therefore  be  regarded  as  a  compound  of  hydrogen  and  ozone. 

In  the  following  year  Schonbein  found,  however,  that  he  had 
erred  with  regard  to  the  necessity  of  the  presence  of  nitrogen  in  the 
production  of  ozone;  and  abandoning  the  idea  that  ozone  is  an 
elementary  constituent  of  any  electrolyte  known  or  unknown,  he 
adopted  the  view  that  it  is  a  compound  of  hydrogen  and  oxygen. 
This  view,  again,  he  was  afterwards  compelled,  by  the  investigations 
of  others,  to  abandon ;  and  in  1851  he  formally  became  a  convert  to 
a  view  first  enunciated  by  Marignac  and  De  la  Hive  in  1845. 
Thus  the  discussion  regarding  the  nature  of  ozone  passed  out  of 
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the  hands  of  Schonbein  in  1845  ;  and  we  have  now  to  follow  it  to- 
its  close  in  the  hands  of  others,  whom  Schonbein  gradually  attracted 
to  the  study  of  it. 

Among  the  first  of  these  was  Marignac,  Professor  of  Chemistry  in> 
Geneva.  His  first  publication  on  the  subject  was  in  the  form  of  a 
letter  to  Dumas,  and  in  it  he  communicated  to  the  Academy  of 
Sciences  of  Paris  the  results  of  experiments  that  he  had  undertaken 
to  test  the  statement  published  by  Schonbein  in  1844 — viz.,  that 
nitrogen  is  necessary  in  all  cases  to  the  production  of  ozone.  He 
found  that  ozone  is  produced  in  the  electrolysis  of  water  deprived  of 
nitrogen  by  boiling,  and  he  found  that  none  of  the  ordinary  gases 
but  oxygen  produces  ozone  in  contact  with  phosphorus.  These 
results  were  made  known  to  Schonbein  ;  and  as  they  confirmed  his 
own  latest  experiments,  they  contributed  to  his  abandonment  of  the 
idea  that  nitrogen  is  a  compound  of  hydrogen  and  ozone. 

In  the  same  year  (1845)  Marignac  and  De  la  Kive  passed  pure 
dry  oxygen  gas  through  a^glass  tube,  provided  with  platinum  wires 
in  its  sides,  in  order  to  allow  of  a  series  of  electrical  sparks  being 
sent  through  it  during  its  passage.  They  found  that  ozone  was 
produced,  and  they  then  enunciated  the  view  which,  after  much 
discussion  and  laborious  investigation,  has  been  definitely  adopted — 
viz.,  that  ozone  is  simply  oxygen  in  a  peculiar  physical  state.  This 
classical  experiment  was  made  known  in  a  communication  to  the 
Academy  of  Sciences  by  De  la  Rive.  Writing  to  Arago  upon  a 
question  in  electricity,  he  appended  a  postscript,  which  may  be 
translated  as  follows : — 

"  I  take  advantage  of  the  opportunity  I  have  of  writing  to  you,  to 
add  a  fact  which  M.  Marignac  and  myself  have  observed,  in  addition  ta 
those  which  he  has  recently  made  known  to  the  Academy  through 
M.  Dumas.  The  question  refers  to  the  substance  described  by  M. 
Schonbein  under  the  name  of  ozone,  and  which  he  believes  to  be  an 
elementary  constituent  of  nitrogen.  M.  Marignac  has  shewn  that 
ozone  can  be  produced  without  nitrogen,  and  he  has  proved  that  it 
can  only  be  either  a  compound  of  hydrogen  and  oxygen,  or  simply 
oxygen  in  a  peculiar  condition.  This  latter  view,  to  which  I  have 
long  inclined,  has  been  confirmed  by  the  following  experiment 
which  we  have  made  together  : — ^We  sent  through  a  tube  a  current 
of  perfectly  pure  and  dry  oxygen  gas,  while,  by  means  of  two 
platinum  points,  we  sent  through  the  oxygen  a  series  of  electric 
sparks  from  an  ordinary  machine.  The  oxygen  immediately  mani- 
fested the  properties  of  ozone — that  is,  it  acquired  the  peculiar 
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.penetrating  smell  ^rhich  characterises  it — it  decomposed  iodide  of 
potassium,  &c  So,  to  keep  within  the  limits  of  actual  experimental 
results,  ozone  comes  from  nothing  but  oxygen ;  and  the  simplest 
way  to  procure  it  is  to  send  a  succession  of  electric  sparks  through 
that  gas." 

The  production  of  ozone  from  oxygen  alone  by  Marignac  and 
De  la  Rive  was  at  first  contested  by  Schonbeiu,  on  the  ground  that 
there  probably  was  in  the  gas  employed  by  them  a  small  trace  of 
moisture.  However,  the  repetition  of  the  experiment  by  others, 
and  the  effect  of  light  upon  oxygen  in  the  way  of  intensifying  its 
chemical  power,  which  Schonbein  had  meanwhile  discovered,  com- 
bined to  remove  his  objection ;  and,  as  already  stated,  he  formally 
^ve  in  his  adhesion  to  the  view  of  Marignac  and  De  la  Rive 
in  1851. 

Although  by  that  time  the  possibility  of  obtaining  ozone  from 
pui-e  oxygen  alone  was  generally  admitted,  there  yet  existed  doubts 
as  to  whether  the  name  "ozone"  did  not  include  a  variety  of  distinct 
■substances.  It  had  hitherto  been  no  more  than  assumed  that  ozone 
is  the  same  from  whatever  source  it  may  be  obtained,  but  it  was 
not  forgotten  that  this  assumption  was  in  the  face  of  an  analysis  of 
ozone  made  by  Williamson  in  1845.  Williamson's  sample  was 
obtained  from  the  electrolysis  of  water.  Again,  in  1853,  Baumert 
published  a  much  more  elaborate  analysis  of  ozone  from  the  same 
source ;  and  while  he  corroborated  Williamson's  results,  he  deduced 
for  ozone  from  that  particular  source  the  formula  HO3.  Finally,  in 
1856,  appeared  a  masterly  investigation  of  electrolytic  ozone  by 
Professor  Andrews  of  Belfast.  His  results  went,  on  the  other  hand, 
to  shew  that  ozone  from  that  source  also  consists  solely  of  oxygen. 
Since  that  time  it  has  been  the  generally  received  opinion  that 
oxygen  is  capable  of  existing  in  certain  allotropic  states,  and  the 
term  "  ozone  "  is  now  understood  to  refer  to  it  when  in  a  particular 
one  of  these  states,  and  one,  moreovei*,  in  which,  as  investigation 
proceeds,  it  appears  to  exist  more  and  more  frequently. 

The  importance  of  .an  exact  knowledge  of  the  composition  of 
ozone  in  all  discussions  referring  to  oxidation  renders  it  necessary 
to  analyse,  in  a  report  such  as  the  present,  the  evidence  furnished 
regarding  it  by  the  investigations  of  Williamson,  Baumert,  and 
Andrews  respectively. 

Williamson  contented  himself  with  drying  well  electrolytic  oxygen, 
and  transmitting  it  through  a  heated  glass  tube  containing  copper 
turnings,  the  surface  of  which  had  been  previously  reduced  in  & 
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current  of  hot  carbonic  oxide  gas.  Drops  of  i\'atcr  were  obtained 
in  the  cool  part  of  the  tube  beyond  the  copper  turnings.  Baumert, 
again,  first  made  a  qualitative  analysis  of  ozone,  by  repeating 
Williamson's  experiment  in  a  slightly  modified  form.  In  so  doing, 
he  made  use  of  no  other  means  of  decomposing  ozone  than  simply 
heating  at  one  point  a  long,  narrow  glass  tube,  lined  with  })hos- 
phoric  anhydiide,  and  through  which  the  ozone  passed  upon  leaving 
the  diying  apparatus.  He  found  that  the  phosphoric  anhydride 
was  dissolved  beyond  the  heated  point  in  the  direction  of  the 
gaseous  current,  and  he  thence  inferred  the  existence  of  the 
elements  of  water  in  electrolytic  ozone. 

Coming  next  to  the  quantitative  analysis,  Baumert,  guided  by 
the  advice  of  Bunsen,  and  working  under  his  eye  in  the  Heidelberg 
laboratory,  assumed  that  when  ozone  is  destroyed  by  a  solution  of 
iodide  of  potassium,  it  is  resolved  into  water  and  free  oxygen,  and 
that  the  latter  decomposes  in  equivalent  proportion  the  iodide, 
giving  rise  to  a  fluid  containing  free  iodine,  iodate  of  potash,  caustic 
potash,  and  undecomposed  iodide.  If,  then,  an  excess  of  hydro- 
chloric acid  were  added  to  such  a  fluid,  the  amount  of  free  iodine 
then  in  it  would  be  a  measure  of  the  amount  of  oxygen  liberated 
from  the  [ozone  that  had  entered  it.  By  placing  a  drying-tube 
beyond  the  small  vessel  containing  the  iodide  of  potassium  solution 
all  loss  could,  of  course,  be  easily  prevented  ;  and  thus  the  gain  in 
weight  of  the  decomposing  vessel  tuid  drying  tube  united  would 
give  the  amount  of  ozone  decomposed,  while  the  iodine  set  free  in 
the  former  would  measure  the  liberated  oxygen.  Working  upon 
these  principles,  with  apparently  careful  attention  to  every  detail  of 
manipulation,  Baumert  found,  as  the  mean  of  two  very  fairly  con- 
cordant experiments,  that  the  liberated  oxygen  formed  only  64  per 
cent,  of  the  ozone  employed,  and  he  therefore  came  to  the  conclusion 
that  the  formula  of  electrolytic  ozone  is  HO3,  that  of  water  being 
HO,  and  that  of  peroxide  of  hydrogen  being  HOo. 

Now,  as  Baumei*t  himself  well  saw,  it  Ls  evident  that  the  conditions 
essential  to  the  success  of  his  very  ingenious  method  of  analysing 
ozone  are  two  in  number.  First,  nothing  but  ozone  or  the  j>roducts 
of  its  decomposition  should  be  allowed  to  be  absorbed  in  the  decom- 
posing vessel  and  di*ying  tube,  as  otherwise  the  amount  of  ozone 
employed  in  the  analysis  would  appear  to  be  greater  than  it  really 
is.  In  the  second  place,  the  amount  of  free  iodine  to  be  estimated 
at  last  should  be  strictly  proportional  to  the  amount  of  oxygen 
liberated  from  the  ozone.  While  clearly  recognising  these  two 
essential  conditions,  Baumert  would  seem,  however,  to  have  attended 
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imperfectly  to  the  first.  As  was  subsequently  pointed  out  by 
Professor  Andrews,  it  is  probable  that  Baumert  over-estimated  the 
amount  of  ozone  employed  in  bis  analysis.  This  most  probably 
arose  from  other  substances  than  ozone  having  been  absorbed  in  the 
decomposing  vessel  and  drying  tube.  Professor  Andrews,  at  any 
rate,  found  in  his  first  analysis  that  a  comparatively  large  amount  of 
carbonic  acid  became  absorbed  in  the  decomposing  vessel ;  and  that 
his  analyses,  which  were  conducted  on  Baumert's  principles,  were 
not  at  all  concordant  till  special  means  were  adopted  to  prevent  that 
absorption.  The  means  in  question  consisted  simply  in  adding,  at 
the  commencement  of  the  experiment,  a  small  quantity  of  hydro- 
chloric acid  to  the  iodide  of  potassium  solution.  By  this  means  the 
solution  remained  throughout  the  experiment  free  from  caustic 
potash,  and  the  absorption  of  carbonic  acid  was  thereby  reduced  to 
an  inappreciable  amount.  In  this  way  Professor  Andrews  found,  as 
the  mean  of  several  very  concordant  experiments,  that  the  amount 
of  free  iodine  contained  at  last  in  the  decomposing  vessel  stood  to 
the  amount  of  matter  absorbed  in  that  vessel  and  in  the  drying  tube 
united,  in  the  ratio  of  the  atomic  weights  of  iodine  and  ogygen,  and 
he  thence  inferred  that  ozone  consists  solely  of  oxygen. 

Into  the  discussion  that  took  place  between  Baumert  and 
Andrews  upon  the  publication  of  the  results  obtained  by  the 
latter,  it  is  not  necessary  here  to  enter  fully.  It  should,  however, 
be  said  that  Baumert  attempted  to  shew  that  the  comparative 
freedom  of  his  apparatus  from  organic  matter,  rendered  it  improbable 
that  carbonic  acid  could  have  found  its  way  into  the  absorbing 
vessel  to  any  considerable  extent.  At  the  same  time  he  objected 
to  the  method  employed  by  Andrews  to  prevent  that  absorption. 
The  addition  of  hydrochloric  acid,  he  said,  to  the  iodide  of  potassium 
solution  would  liberate  hydriodic  acid,  and  of  this  a  portion  would 
be  decomposed  with  liberation  of  iodine,  during  the  transmission  of 
the  large  amount  of  common  oxygen  with  which  the  electrolytic 
ozone  was  mixed.  In  this  way  the  liberated  iodine  would  not  be 
a  measure  of  the  oxygen  set  free  by  the  ozone  decomposed,  but 
being  in  excess  of  it,  would  lead  to  the  over-estimation  of  that 
oxygen. 

It  is  easy  to  see  that  this  objection  is  founded  on  mistake,  for  the 
results  obtained  by  Professor  Andrews  are  not  at  all  vitiated  by  the 
liberation  of  iodine  through  common  oxygen.  Baumert  failed  to 
notice  that,  if  such  liberation  took  place,  there  must  be  at  the  same 
time  absorption  of  common  oxygen  in  equivalent  proportion.  The 
question  turns  solely  upon  the  proportion  borne  by  the  total  iodine 


8  Philosophical  SocUtij  of  Glasgoic, 

liberated  to  the  total  gain  of  weight  in  the  decomposing  vessel  and 
drying  tube.  It  is  true,  indeed,  that  the  results  so  obtained  would 
not  be  veiy  decisiye  of  the  composition  of  ozone,  unless  the  greater 
part  of  the  iodine  were  liberated  through  its  action;  but  Andrews 
proved  that  at  least  95  per  cent,  of  the  iodine  liberated  in  his 
experiments  was  due  to  ozone,  and  his  results  might  therefore  be 
fairly  regarded  as  finaL 

A  thorough  confirmation,  however,  of  these  results  was  obtained 
in  a  second  series  of  experiments  by  decomposing  ozone  by  heat 
alone,  and  passing  the  products  through  a  drying  tube  containing 
phosphoric  acid.  For  example,  in  two  of  these  experiments  the 
gain  in  weight  of  the  drying  tube  was  found  to  be  ^  and'  ^  of  a 
milligramme  respectively;  while,  from  the  quantity  of  ozone 
employed  in  the  two  cases,  the  water  absorbed  in  the  drying 
tube  should  have  been  10  and  14  milligrammes  respectively,  had 
Baumert's  formula  for  ozone  been  correct. 

On  the  whole,  then,  it  appears  that  the  analyses  of  ozone  by 
Professor  Andrews  deserve  the  confidence  they  have  generally 
•commanded  during  the  last  twenty  years ;  and  it  seems  safe  to 
assume,  in  all  discussions  that  involve  the  properties  and  com- 
position of  ozone,  that  it  is  simply  oxygen  in  a  peculiar  physical 
condition. 

Section  II. 

It  is  well  known  that  the  researches  of  Professor  Andrews  upon 
ozone  did  not  end  with  the  determination  of  its  composition,  but  it 
is  unnecessary  here  to  pursue  them  further.  It  may  serve,  how- 
ever, as  a  connecting  link  between  the  first  paragraph  of  this  Report 
and  the  present,  to  quote  a  remark  made  by  the  editor  of  Poggerir 
do9ff*8  Annalen  upon  a  paper  published  by  Andrews  and  Tait  in  the 
Philosophical  Transactions  for  1860,  and  of  which  a  translation 
appeared  in  the  said  Annalen  in  the  early  part  of  1861.  The  paper 
in  question  is  entitled,  "  On  the  Volumetric  Relations  of  Ozone  and 
the  Action  of  the  Electric  Discharge  upon  Oxygen  and  other  Gases;" 
and  the  remark  made  upon  it  by  Poggendorff  may  be  thus  trans- 
lated : — 

"  It  is  much  to  be  regretted  that  tlie  authors  of  the  above  paper 
were  unacquainted  with  the  more  recent  researches  of  Schonbein, 
according  to  which  the  formation  of  ozone  from  oxygen  is  always 
accompanied  with  that  of  another  substance,  to  which  the  ingenious 
chemist  of  Basle  has  given  the  name  of  antozone,  because  its  polar 
properties  are  opposite  to  those  of  ozone,  and  because  ordinary  oxygen 
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is  formed  by  its  combination  with  ozone.  Every  investigation 
regarding  ozone  which  leaves  antozone  out  of  view,  must  certainly 
miss  its  marin: ;  and  we  must  therefore  hope  that  the  above  Irish 
chemiBts  will,  while  pursuing  their  otherwise  very  careful  investi- 
gations, give  to  this  second  remarkable  discovery  of  Schonbein's  the 
necessary  attention." 

In  these  few  words  Foggendorff  states  Schonbein's  view  of  the 
constitution  of  common  oxygen — viz.,  that  it  is  a  compound  of  two 
different  forms  or  conditions  of  oxygen,  and  to  which  the  names  of 
ozone  and  antozone  respectively  have  been  applied.  According  to 
this  view,  ozone  and  antozone  arise  simultaneously  from  the  electri- 
fication of  common  oxygen.  Schonbein  also  exjilained  the  pheno- 
mena of  oxidation  on  the  supposition  that,  as  a  preliminary  step  in 
the  operation,  common  oxygen  is  resolved  into  ozone  and  antozone. 
He  credited  ozone  with  hijghly  oxidising  powers,  but  these  he  denied 
in  great  measure  to  antozone.  He  believed  that  antozone  had, 
however,  a  powerful  affinity  for  water,  and  that  peroxide  of  hydro- 
gen was  the  result  of  their  combination. 

In  support  of  these  views  Schonbein  brought  forward  a  mass  of 
facts,  mostly  new  and  unexpected ;  and  shewed  that  these  facts  were 
capable  of  a  tolerably  simjile  explanation,  if  the  hypothesis  above 
stated  regarding  the  constitution  of  oxygen  were  admitted.  How*, 
ever,  as  he  did  not  succeed  in  satisfactorily  isolating  antozone,  we  can 
only  accept  these  facts  as  so  much  presumptive  evidence  in  favour 
of  its  existence ;  and  if  it  can  be  proved  that  no  substance  having 
the  properties  attributed  to  antozone  arises  simultaneously  with 
ozone  from  common  oxygen,  the  only  conclusion  that  can  be  drawn 
is,  that  the  facts  adduced  by  Schonbein  are  as  yet  without  a  satis- 
factory explanation.  In  other  words,  the  fact  that  Schonbein  was 
able  to  account  for  certain  phenomena  only  upon  a  peculiar  hypo- 
thesis with  respect  to  the  constitution  of  common  oxygen,  is  nothing 
more  than  presumptive  evidence  in  favour  of  the  truth  of  that 
hypothesis ;  and  whatever  be  the  difficulties  in  the  way  of  finding 
another  mode  of  explanation,  the  hypothesis  must  be  abandoned 
whenever  it  is  directly  proved  to  be  untrue. 

Now,  we  seem  at  length  to  be  in  possession  of  very  conclusive 
evidence  on  the  point ;  and  as  a  clear  decision  upon  the  question  of 
the  existence  or  non-existence  of  antozone  is  of  the  utmost  import- 
ance in  discussing  the  special  topics  of  this  Report,  it  has  been  con- 
sidered proper  to  devote  the  present  paragraph  to  an  examination 
of  that  evidence. 

At  the  outset,  then,  reference  must  be  made  to  acme  of  the 
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ex[>eriments  of  Meisaner,  who,  after  Schonbein,  is  the  most  strenu- 
ous advocate  for  the  existence  of  antozone.  His  chief  experiments 
are  to  be  found  in  a  special  volume  entitled,  Untersuchungen  iihei' 
den  Sauerstoff^  and  in  it  he  lays  down,  amongst  other  things,  more 
clearly  than  his  predecessor,  a  means  of  distinguishing  antozone 
from  common  oxygen  on  the  one  hand,  and  from  ozone  on  the 
other.  The  means  in  question  are  supplied  by  the  supposed  great 
affinity  of  antozone  for  water,  and  by  its  negative  property  of  not 
decomposing  iodide  of  potassium.  According  to  Meissner,  the 
affinity  of  antozone  for  water  is  best  manifested  in  the  formation 
of  certain  peculiar  clouds  when  these  two  substances  are  brought 
together ;  and  it  is  to  be  remarked  that,  whether  these  clouds  are  to 
be  accounted  for  in  Meissner's  way  or  not,  there  is  no  doubt  that  he 
did  not  deceive  himself  with  respect  to  their  manifestation.  The 
volume  mentioned  contains,  indeed,  some  speculation  upon  the 
exact  way  in  which  these  clouds  are  formed  from  antozone  and 
water ;  but  as  the  existence  of  antozone  is  in  question,  it  is  needless 
here  to  attend  to  such  speculation.  The  practical  question  to  be 
decided  is  simply  this — Ts  the  effect  of  the  electric  discharge  upon 
pure  dry  oxygen  to  break  it  uj)  into  two  distinct  bodies,  one  of 
which  decomposes  iodide  of  potassium,  but  does  not  form  clouds 
with  water  (ozone),  and  the  other  of  which  forms  clouds  with 
water,  but  does  not  decompose  iodide  of  potassium  (antozone)?  To 
this  question,  I  believe,  an  answer  may  be  got  in  the  three  facts 
now  to  be  stated,  and  of  which  it  may  be  said,  that  the  first  was 
known  to  Meissner  when  he  wrote  the  volume  already  mentioned, 
while  the  two  others  have  been  revealed  by  the  recent  investigations 
of  Engler  and  Nasse.* 

Experiment  I. — Pass  electrified  oxygen  through — 

(a)  Solution  of  iodide  of  i)otassium. 
(6)        „        „  chloride  of  potassium, 
(c)  Water. 

Iodide  of  potassium  is  decomposed  in  (a),  and  clouds  are  formed 
in  (c). 

Experiment  II. — Pass  electrified  oxygen  through — 

(a)  Solution  of  iodide  of  potassium. 
(6)         „         „  chloride  of  potassium. 

(c)  Dry  chloride  of  calcium. 

(d)  Water. 

*  AnnaUn  der  Chemie  und  Pharmaciet  VoL  154. 
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Iodide  of  potassium  is  decomposed  in  (a),  and  clouds  are  not 
formed  in  (d). 

Experiment  III. — Pass  electrified  oxygen  through — 

(a)  Solution  of  chloride  of  potassium. 

(b)  Dry  chloride  of  calcium. , 

(c)  Solution  of  iodide  of  potassium. 

(d)  Water. 

Iodide  of  potassium  is  decomjjosed  in  (c),  and  clouds  are  formed 
in  (rf). 

To  see  the  bearing  of  these  three  facts  upon  the  question  at  issue, 
let  it  be  supposed  that  electrified  oxygen  is  a  mixture  of  ozone  and 
antozone.  On  that  view,  the  first  experiment  must  be  interpreted 
as  shewing  that  ozone  is  absorbed  by  iodide  of  potassium  solution, 
bnt  that  antozone  is  neither  absorbed  by  that  solution,  nor  by  a 
concentrated  solution  of  chloride  of  potassium. 

On  the  same  supposition,  the  second  experiment,  if  taken  in 
connection  with  the  first,  must  be  interpreted  as  shewing  that 
antozone  is  absorbed  by  dry  chloride  of  calcium. 

Lastly,  upon  the  same  supposition,  the  third  experiment,  if  taken 
in  connection  with  the  first,  must  be  interpreted  as  shewing  that 
antozone  is  not  absorbed  by  dry  chloride  of  calcium. 

Now,  the  only  possible  verdict  upon  this  evidence  is  that,  since 
the  conclusions  to  which  the  supposition  that  electrified  oxygen 
is  a  mixture  of  oxygen  and  antozone  leads  are  contradictory  of 
each  other,  the  supposition  itself  must  be  erroneous.  In  other 
words,  it  is  not  true  that  the  production  of  ozone  from  common 
oxygen  is  accompanied  by  the  formation  of  antozone.  Or,  to 
put  it  in  yet  another  form,  common  oxygen  has  not  the  con- 
stitution ascribed  to  it  by  Schonbein,  Meissner,  and  others ;  and, 
so  far  as  is  yet  known,  ozone  is  the  only  allotropic  form  of  oxygen. 

Section  III. 

If  the  conclusion  here  drawn  with  regard  to  the  non-existence  of 
antozone  be  correct,  Schonbein's  fame  must  rest  rather  upon  the 
facts  he  discovered  than  upon  the  theories  whereby  he  explained 
them.  His  failures  as  a  theorist  have,  moreover,  seriously  aug- 
mented the  difficulty  of  deciding  upon  the  amount  of  credit  that 
should  be  given  to  his  statements  of  fact.  His  scientific  papers  so 
abound  in  speculation  that  it  becomes  only  too  evident  to  the  reader 
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of  them  that  Schonbein's  obsei'vation  of  facts  must  have  been 
greatly  affected  by  his  theoretical  ideas.  When,  then,  we  find  that 
his  favourite  theory  of  the  constitution  of  common  oxygen  is 
erroneous,  it  is  extremely  difficult  to  say  how  far  the  fetcts  with 
which  that  theory  was  linked  in  his  mind  can  be  held  to  be 
reliably  ascertained. 

Of  these  supposed  facts  the  most  important,  as  regards  the 
subject  of  this  Report,  are  those  relating  to  the  phenomena  of  slow 
oxidation.  It  has  been  already  said  that,  in  an  early  stage  of  his 
investigations,  he  found  that  ozone  is  produced  during  the  slow 
oxidation  of  phosphorus.  He  also  found,  however,  that  phosphorus 
is  not  oxidised  in  an  atmosphere  of  pure  dry  oxygen  gas,  if  kept 
in  the  dark  and  at  an  ordinary  temperature;  and,  extending  his 
investigations  to  a  variety  of  substances,  he  arrived  at  the  general 
conclusion  that  the  presence  of  water  is  necessary  in  all  cases  of 
slow  oxidation.  On  the  other  hand,  he  satisfied  himself  that  when 
alow  oxidation  is  allowed  to  proceed,  not  merely  is  ozone  produced, 
but  also  peroxide  of  hydrogen.  Finally,  his  experiments  shewed 
that  when  slow  oxidation  takes  place  in  air,  the  free  nitrogen  of 
that  air  becomes  involved  in  the  process,  and  nitric  acid,  nitrous 
acid,  and  ammonia  are  produced  from  it. 

Without  corroborative  evidence  it  does  not  seem  safe  to  admit 
these  statements  of  Schonbein's.  The  statement  relating  to  the 
oxidation  of  free  nitrogen  when  in  contact  with  slowly  oxidising 
phosphorus  has,  indeed,  been  corroborated  by  Meissner;  but,  to  say 
the  least,  the  statement  has  not  been  thereby  made  much  more 
reliable.  There  is  also  no  doubt  that  it  is  very  commonly  assumed 
that  the  oxidation  of  free  nitrogen  under  the  conditions  just  stated 
is  a  well  ascertained  fact;  but  as  the  evidence  in  favour  of  it,  so 
&r  as  I  have  been  able  to  find,  is  no  more  than  the  results  obtained 
by  Schonbein  and  Meissner,  it  seems  unavoidable,  if  we  would  have 
clear  knowledge  on  the  point,  to  subject  some  of  the  phenomena  of 
slow  oxidation  to  re-investigation.  Accordingly,  the  further  dis- 
cussion of  the  production  of  nitric  acid  from  free  nitrogen,  under 
the  conditions  in  question,  is  here  withheld  for  the  present.  It  will 
be  resumed  as  soon  as  the  experiments  already  referred  to  are 
completed,  and  will  form  Part  II.  of  this  Rejiort.  Meanwhile,  it 
may  be  remarked,  that  the  enormous  extent  to  which  slow  oxida- 
tion goes  on  in  Nature  gives  to  that  operation,  as  a  source  of  nitric 
acid,  an  amount  of  interest  not  attaching  to  any  of  the  other 
conditions  under  which  nitrification  is  known  or  supposed  to  take 
place  at  the  expense  of  the  free  nitrogen  of  the  air. 
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Section  IY. 

The  waj  to  the  discussion  of  each  of  the  conditions  just  referred 
to  being  now  open,  it  may  be  said  that  it  does  not  appear  that 
nitrification  from  free  nitrogen  has  ever  been  asserted  to  tako 
place,  unless  under  one  or  other  of  the  following  conditions : — 

1.  Contact  with  bodies  undergoing  oxidation  ; 

2.  During  electrical  discharges  in  air ; 

3.  Combination  of  ozone  with  nitrogen  in  presence  of  water ; 

4.  Evaporation  and  condensation  of  water  in  air. 

Kegarding  the  first  of  these  conditions,  the  preceding  paragraph 
contains  all  that  is  to  be  said  here  for  the  present ;  and  in  this  fourth 
paragraph  it  is  proposed  now  to  sum  up  the  evidence  bearing  upon 
each  of  the  three  other  conditions. 

(a.)  Electric  Discharges  in  Air, 

It  appears  to  be  thoroughly  ascertained  that,  as  was  first  observed 
by  Cavendish,  the  passage  of  the  electric  spark  through  a  moisi 
atmosphere  of  oxygen  and  nitrogen  is  attended  with  the  formation 
of  nitric  acid.     There  also  appears  to  be  no  doubt,  that  if  a  spark  i» 
sent  through  a  dry  mixture  of  oxygen  and  nitrogen,  which  is  subse- 
quently brought  into  contact  with  water,  nitric  acid  is  also  pro- 
duced.    There  has  been,  however,  much  discussion  regarding  the 
exact  way  in  which  the  oxidation  of  the  nitrogen  takes  place  in  this 
case:  some  asserting  that  oxidation  takes  place  only  when   the 
gaseous  mixture  comes  into  contact  with  water,  while  others  assert 
that  the  nitrogen  is  oxidised   previous  to  its  contact  with  water^ 
Those  who  have  asserted  that  the  presence  of  water  is  necessary  to- 
the  oxidation  of  the  nitrogen,  are  of  opinion  that  the  sole  effect  of 
the  electric  spark  is  to  form  ozone,  and  they  attribute  the  formation 
of  the  nitric  acid  to  the  combined  effect  of  water  and  ozone  upon 
firee  nitrogen.     The  advocates  of  this  view  are,  then,  those  who 
maintain  that  nitric  acid  is  formed  from  free  nitrogen  under  the 
third  of  the  conditions  enumerated  above.     It  will  be  seen,  how- 
ever, when  we  come  to  consider  the  evidence  for  and  against  the 
formation  of  nitric  acid  under  these  conditions,  that  the  recent 
careful  researches  of  Carius  leave  no  room  for  doubt  regarding  the 
incorrectness  of  this  opinion.     It  must  therefore  be  said  that  we 
have  now  clear  proof  of  the  fact,  that  the  electric  spark  is  capable  of 
effecting  the  combination  of  oxygen  and  nitrogen  in  even  a  dry 
mixture  of  these  gases. 

As  to  the  extent  to  which  nitric  acid  is  formed  in  nature  by 


14  Philosophical  Society  of  Glasgow, 

electric  discharges  through  the  air,  it  is  as  yet  impossible  to  judge. 
It  is  well  known  that  electrical  equilibrium  in  nature  is  being  con- 
tinually disturbed  and  restored,  with  the  accompaniment  of  electrical 
discharges  which,  for  the  most  part,  are  unperceived.  How  far 
these  faint  and  invisible  discharges  conduce  to  nitrification  by 
oxidising  the  free  nitrogen  of  the  air  is  unknown. 

(b.)  CombtnaUon  of  Ozone  ivith  Nitrogen  in  presence  of  Water. 

As  already  said,  experiments  have  been  brought  forward  to  shew 
that  when  ozone  and  free  nitrogen  are  brought  together  in  water, 
nitric  acid  results.  The  exact  statement  of  the  case,  indeed,  is  that 
not  only  has  nitric  acid  been  said  to  be  produced  in  these  circum- 
stances, but  also  peroxide  of  hydrogen. 

Now,  in  order  to  appreciate  fully  the  state  of  the  evidence  upon 
the  point,  it  is  necessary,  in  the  first  place,  to  arrive  at  a  clear  con- 
clusion with  respect  to  the  results  of  bringing  merely  ozone  and 
water  together ;  and,  with  respect  to  these  results,  it  is  safe  to  say 
that  in  the  whole  range  of  the  literature  referring  to  ozone  there  is 
not  a  set  of  more  conflicting  statements  than  those  which  profess  to 
describe  the  relations  of  ozone  and  water  to  each  other.  Thirty 
years  ago  Schonbein  and  Williamson  enunciated,  almost  simultane- 
ously, opposite  statements  regarding  the  solubility  of  ozone  in  water, 
the  former  denying  and  the  latter  affirming  that  water  dissolves 
appreciable  quantities  of  the  gas.  Ten  years  later  Professor 
Andrews  arrived  at  the  conclusion  that  ozone  is  not  perceptibly 
dissolved  by  water,  but  that  it  is  converted  by  its  contact  with 
water  into  common  oxygen.  A  few  years  still  later,  and  after  the 
supposed  discovery  of  antozone,  Meissner  found,  as  he  thought,  that 
electrified  oxygen  combines  directly  with  water,  and  that  peroxide 
of  hydrogen  is  the  result.  Of  course,  Meissner  attributed  the  for- 
mation of  peroxide  of  hydrogen  to  the  antozone  that  he  believed 
to  be  produced  simultaneously  with  ozone  in  the  electrification  of 
oxygen.  As  to  what  Meissner  and  Schonbein  called  ozone,  the 
effect  of  it  upon  water  was  supposed  to  be  both  physically  and 
chemically  nil — ^that  is,  it  neither  dissolved  in  water  nor  combined 
with  it. 

Now  it  is  evident,  that  if  it  can  be  proved  that  electrified  oxygen 
does  720^  produce  peroxide  of  hydrogen  with  water,  we  have  at  once 
a  powerful  argument  against  the  antozone  thieory,  and  a  very 
important  fact  with  respect  to  the  relations  of  ozone  and  water 
to  each  other.  As  might  have  been  expected,  the  importance  of 
carefully  testing  Meissner^s  statement  regarding  the  production  of 
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peroxide  of  hydrogen  from  electrified  oxygen  did  not  escape  the 
authors  of  the  two  crucial  experiments  that  have  been  discussed 
above — viz.,  Engler*  and  Nasse.  They  caused  a  current  of  electrified 
oxygen  to  pass  through  pure  water  in  a  Liebig's  bulb  apparatus,  and 
they  also  allowed  it  to  remain  for  weeks  in  contact  with  water  in 
large  hermetically-sealed  glass  retorts,  but  without  the  fidntest  trace 
of  peroxide  of  hydrogen  being  at  last  perceptible  in  the  water.  The 
same  result  has  also  been  obtained,  independently  of  each  other,  by 
Schone  and  Carius  in  their  recent  very  carefal  investigations  upon 
ozone ;  and  there  therefore  appears  to  be  no  doubt  that  Meissner's 
statements  with  respect  to  the  production  of  peroxide  of  hydrogen 
from  the  action  of  electrified  oxygen  upon  water,  are  entirely 
erroneous.  With  respect  to  the  singular  effect  of  water  in  the  way 
of  converting  ozone  into  common  oxygen,  which  was  first  announced 
by  Professor  Andrews,  there  also  seems  to  be  no  doubt  that  Schone  t 
and  Carius  j:  have  definitely  proved  such  conversion  to  take  place. 
The  fact  that  ozone  is  also  capable  of  being  absorbed  in  what  may 
be  called  considerable  quantities  by  water,  has  also  been  thoroughly 
established  by  the  same  experimenters ;  and,  to  sum  up  the  facta 
ascertained  with  respect  to  the  relations  of  ozone  and  water,  we 
may  say — 

(1.)  Ozone  is  moderately  soluble  in  water; 

(2.)  Ozone  is,  without  being  dissolved,  converted  by  water  into 
common  oxygen ; 

(3.)  Peroxide  of  hydrogen  is  not  formed  during  the  contact  of 
water  and  ozone. 

Turning  now  to  the  results  of  bringing  together  ozone,  nitrogen, 
and  water,  we  find  Meissner  adducing  experiments  to  shew  that 
when  bubbles  of  ozone  and  nitrogen  meet  each  other  in  water, 
both  nitric  acid  and  peroxide  of  hydrogen  are  produced.  On  the 
contrary,  the  experiments  of  Carius  go  to  shew  that,  under  these 
circumstances,  neither  nitric  acid,  nitrous  acid,  ammonia,  nor  per- 
oxide of  hydrogen  is  produced. 

Considering  all  the  circumstances  of  these  conflicting  experiments, 
it  seems  to  me  that  the  balance  of  credibility  is  very  decidedly 
in  favour  of  those  of  Carius.  In  freedom  from  theoretical  bias 
Carius  has  a  very  great  advantage  over  Meissner  ;  and  from 
the  fact  that  he  worked  a  dozen  years  after  Meissner,  he  had  the 
advantage  of  a  fuller  knowledge  of  all  the  conditions  necessary  to 
obtaining  pure  materials  for  his  experiments.     It  is  now  known 

*  AnnaUn  der  Chemie  und  Pharmade,  Vol.  154. 
+  Ibid,  Vc  L  171.  t  Jhid,  Vol.  174 
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bhat  it  is  difficult  to  obtain  oxygen  for  these  experiments  entirely 
free  from  nitrogen ;  and  if  we  suppose  that  a  little  nitrogen  was 
contained  in  the  oxygen  submitted  to  electrification  by  Meissneri 
the  occurrence  of  at  least  nitric  acid  in  his  experiments  is 
accounted  for. 

The  conclusion  to  be  drawn  appears,  then,  to  be  that  there  is 
little  or  no  doubt  that  nitrification  does  not  occur  in  nature  from 
the  action  of  ozone  upon  the  nitrogen  of  the  air.  The  production  of 
peroxide  of  hydrogen  in  nature  must  also  be  ascribed  to  some  other 
cause  than  the  action  of  ozone  upon  either  aqueous  vapour  alone,  or 
upon  it  and  nitrogen  together. 

(c.)  Evaporation  of  Water  and  CondenscUlon  of  Vapour  in  Air.    "''i 

In  1862  Schonbein  announced  the  fact  that,  if  water  is  partially 
evaporated  in  the  air,  the  residue  contains  nitrite  of  ammonia,  and 
that  the  same  salt  is  to  be  found  in  water  formed  by  the  condensa- 
tion of  vapour  in  air.  Of  these  facts  there  is  no  doubt.  Schonbein, 
however,  without  ascertaining  whether  the  salt  in  question  did  not 
exist  ready  formed  in  the  air  employed  in  his  experiments,  rushed 
to  the  conclusion  that  it  must  have  been  formed  during  these 
experiments,  by  the  combination  of  free  nitrogen'  with  water. 
Obvious  as  the  precaution  indicated  now  seems  to  be,  it  must  also 
be  said  that  it  does  not  appear  to  have  occurred  at  the  time  to  any 
one  else ;  and  some,  while  accepting  Schonbein's  explanation  of  the 
production  of  nitrite  of  ammonia  from  free  nitrogen  and  water,  even 
sought  to  contest  his  claim  to  all  the  merit  of  having  discovered  so 
remarkable  a  property  in  free  nitrogen.  The  following  quotation 
from  a  recently  published  volume,  by  Dr.  T.  Sterry  Hunt,  entitled, 
ChemiccU  and  Geological  Essays,  will  shew  that  he  still  claims  a 
considerable  amount  of  credit  for  having  predicted,  on  theoretical 
grounds,  the  possibility  of  producing  nitrite  of  ammonia  from  free 
nitrogen  and  water,  and  for  having  framed  thereupon  a  theory  of 
nitrification. 

"  On  September  15,  1862,  I  read  |>efore  the  French  Academy  of 
Sciences  a  note  on  *  The  Nature  of  Nitrogen,  and  the  Theory  of 
Nitrification,'  published  in  the  Comptes  Rendus  of  that  date,  and 
translated  in  the  Philosophical  Magaziiie  for  January  1863,  in  which 
I  repeated  the  points  above  given,  and  then  proceeded  to  consider 
the  results  announced  by  Schonbein  in  1862.  I  said,  'The  forma- 
tion of  nitrite  of  ammonia  by  the  combination  of  the  nitryl  NN  with 
H^Og  mugt  necessarily  be  limited  to  very  minute  quantities  by  the 
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instability  of  this  ammoniacal  salt,  which,  as  is  well  known,  decom- 
poses  readily  into  nitrogen  and  water.  In  order,  therefore,  to 
produce  any  considerable  quantity  of  a  nitrite  by  this  reaction, 
there  is  required  the  presence  of  active  oxygen,  or  of  a  fixed  base 
to  separate  the  ammonia.  The  recent  experiments  of  Schbnbein 
have  furnished  new  evidences  of  the  direct  formation  of  a  nitrite  at 
the  expense  of  the  nitrogen  of  the  atmosphere.  According  to  him, 
when  sheets  of  paper  moistened  with  a  feeble  solution  of  an  alkali, 
or  an  alkaline  carbonate,  are  exposed  to  the  air,  especially  in  the 
presence  of  watery  vapour,  and  at  a  temperature  of  50°  or  60**  C, 
the  alkaline  base  soon  fixes  a  sufficient  quantity  of  nitrous  acid  to 
give  the  characteristic  reactions.  Appreciable  traces  of  nitrite  are, 
according  to  Schonbein,  obtained  in  this  way,  even  without  the 
intervention  of  an  alkali.  He,  moreover,  found  that  distilled  water, 
mixed  with  a  little  potash  or  sulphuric  acid,  and  evaporated  slowly 
at  a  temperature  of  about  50*  C,  in  the  open  air,  fixes  in  one  case  a 
small  portion  of  ammonia,  and  in  the  other  a  little  nitrous  acid. 
Traces  of  a  nitrite  are  also  formed  in  pure  water  under  similar  con- 
ditions. Schonbein  explains  all  of  these  results  by  the  combination 
of  nitrogen  with  the  elements  of  the  water,  producing  at  the  same 
time  ammonia  and  nitrous  acid.  As  he  has  well  remarked,  this 
reaction  serves  to  explain  the  absorption  of  nitrogen  by  vegetation, 
and  through  the  oxidation  of  nitrite,  the  formations  of  nitrates  in 
nature.  By  these  elegant  experiments  he  has  confirmed,  in  a  remark- 
able manner,  my  theory  of  nitrification,  and  of  the  double  nature  of 
free  nitrogen.  It  is,  however,  evident  that  since  the  publication  of 
my  note  of  March,  1861,  above  referred  to,  we  cannot  say  with 
Schonbein  that  the  generation  of  nitrite  of  ammonia  from  nitrogen 
and  water  is  *a  most  wonderful  and  wholly  unexpected  thing.*" 

It  is,  however,  unfortunate  for  Dr.  Hunt's  theoretical  anticipations 
that  no  sooner  did  experimentalists  begin  to  purify  the  air  that 
they  used  in  repeating  Schonbein's  experiments,  than  the  produc- 
tion of  nitrite  of  ammonia  suddenly  stopped.  The  experiments  of 
Bohlig  and,  more  recently,  of  Carius,  shew  that  neither  during 
the  evaporation  of  water  in  air,  nor  during  the  condensation  of  its 
vapour,  does  a  trace  of  nitrite  of  ammonia  manifest  itself.  The 
experiments  of  Carius  are  especially  decisive  on  the  point,  as  they 
were  both  numerous  and  most  carefully  performed.  The  verdict 
here,  then,  is  very  clearly  adverse  to  the  statements  that  have  been 
made  regarding  the  evaporation  of  water  and  the  condensation  of 
aqueous  vapour  as  sources  of  nitric  add. 

Vol.  X. — No.  L  c 
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Section  V. 

The  evidence  supplied  by  the  existing  literature  regarding  the 
formation  of  nitric  acid  from  free  nitrogen  seems,  then,  to  point  to 
the  following  conclusions : — 

1.  Free  nitrogen  is  oxidised  by  the  passage  of  electrical  discharges 
through  air. 

2.  It  is  yet  doubtful  whether  the  free  nitrogen  of  the  air  is 
oxidised  when  brought  into  contact  with  substances  undergoing 
•oxidation. 

3.  There  are  no  other  conditions  under  which  nitric  acid  is 
known  to  be  formed  from  free  nitrogen. 
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II. — On  the  Economy  of  Napier^ a  Stove, 


By   Mr.    John    Mackenzie,    C.E.,    Bristol. 


[Read  before  the  Society,  November  27,  1875.] 


Shortly  after  the  meeting  of  the  British  Association  at  Bristol, 
Mr.  John  Mackenzie,  residing  at  Clifton,  purchased  one  of  Napier's 
stoves,  and  fitted  it  in  his  library  there.  It  has  now  been  in  use  for 
upwards  of  two  months,  and  a  record  of  its  work  for  a  considerable 
time  has  been  kept.  He  submits  herewith  a  statement  of  its  per- 
formance for  one  week,  commencing  31st  October  last,  and  compares 
it  with  the  performance  of  an  open  fire  burning  at  the  same  time  in ' 
a  cast-iron  grate  in  an  adjoining  room. 

The  stove  is  in  a  room  of  2400  cubic  feet  capacity,  the  open  fire 
in  one  of  3090  cubic  feet.  The  diameter  of  the  fire-box  of  the  stove 
is  6  inches,  the  diameter  of  the  outer  case  is  about  19  inches,  and  its 
surface  is  estimated  at  about  16  square  feet.  There  is  one  window 
in  each  room,  the  ratio  of  their  areas  being  about  as  5  to  8.  The 
stove  room  has  an  opening  into  the  chimney  of  18  square  inches, 
which  was  constantly  open;  the  area  of  the  open  fire  chimney 
opening  is  not  stated. 

The  fires  were  lighted  at  about  8.30  a.m.  in  each  room.  The 
temperatures  were  shewn  by  thermometers  placed  at  about  15  feet 
from  each  fire,  and  relatively  in  the  same  position  in  each 
room. 

Observations  of  temperature  were  made  at  noon,  3  p.m.,  6  p.ic., 
and  9  p.m.  The  temperatures  of  the  external  air  are  not  given,  but 
a  previous  statement  of  the  stove's  performance  shews  that  the 
temperature  of  the  room  in  which  it  is  was  raised  19°  above  that  of 
the  external  air.    The  stove  burned  gas  coke  at  10s.  per  ton,  th« 


Napier's  Stove. 

Open  Fire. 

66*»-3 

62** -8 

108  lbs. 

620  lbs. 

15f  Iba. 

88f  lbs. 

0  825  pence. 

9*477  pence. 

0*25  pence. 

0*25  pence. 
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open  fire  burned  coal  at  208.  i>er  ton.     The  result  of  tLe  7  days* 
experiment  of  14  hours  each  is  as  follows  : — 


Mean  temperature  of  room  from  noon  till  9  p.m.,* 

Fuel  consumed' in  7  da3r8, 

Fuel  consumed  in  one  day  of  14  hours, 
Cost  of  fuel  per  day — 

Gas  coke,  at  6  pence  x)er  cwt. 

Coal,  at  12  pence  per  cwt.,       .... 

Wood  for  fire  lighting,  per  day, 
Total  cost  of  heating  per  day,         ....     1*075  pence.    9*727  pence. 

This  is  the  absolute  cost  of  heating  each  room  to  their  respective 
temperatures — the  one  with  a  stove,  the  other  with  an  open  fire. 
But  if  the  quantity  of  fuel  required  varies  as  the  capacity  of  the 
room,  and  as  the  absolute  temperature  to  which  it  is  raised,  a  room 
of  the  size  of  the  one  in  which  the  open  fire  was,  if  heated  to  tlie 
same  temperature  with  one  of  Napier's  stoves  of  suitable  size,  would 
Jiave  required 

19-93  lbs.  coke  (15?  x  1*28),  at  10s.  per  ton, 

instead  of 

88*57  lbs.  coal  for  the  open  fire,  at  20s.  per  ton. 

The  relative  quantities  of  fiiel  are  therefore  as  1  to  4J ;  and  the 
relative  expense  of  fuel  for  heating  a  room  in  Bristol  with  a 
Napier's  stove  to  that  for  an  open  fire  in  a  cast-iron  grate,  is  as  1  to 
7-18. 

Or,  to  make  some  allowance  for  the  unknown  effect  of  the 
larger  window,  the  ratio  of  expense  may  be  as  1  to  7;  that  is,  the 
room  may  be  equally  heated  for  less  than  3  half-pence  per  dny 
with  the  stove,  and  for  9  pence  3  farthings  witli  the  open  fire. 


Discussion  on  Mr.  Mackenzie's  Paper. 

Mr.  John  Jex  Long  remarked  that  this  stove  would  bo  open  to 
the  ordinary  objection  made  to  stoves,  of  emitting  a  disagreeable 
smell. 

Mr.  Jahes  Smith  said  that  Mr.  Napier's  invention  belonged  to 
a  class  of  stoves  known  in  America  as  "  base-burning  "  stoves. 

*  The  tempexatore  of  each  room  at  fire  lighting  is  not  given. 
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Mr.  J.  J.  Coleman  thought  that  any  disagreeable  smell  might 
be  pi-e vented  by  making  the  stove  of  sufficient  dimensions  to  pre- 
vent the  ^on  being  too  highly  heated.  He  suggested  damp  coal 
instead  of  coke  as  a  fuel 

Professor  James  Tuomson  said  that  the  disagi'eeable  smell 
might  arise  from  three  different  causes: — 1.  The  overheating  of 
the  iron;  2.  the  burning  of  stuffs^  such  as  blacklead,  oil,  «S:c.,  used 
to  ornament  stoves;  3.  the  emission  of  puffs  of  gas  from  the  stove 
by  reason  of  an  inverted  draught  in  the  chimney.  He  thought  the 
mere  warm  iron  need  not  give  off  more  smell  than  a  fender  heated 
by  a  bright,  warm  fire.  He  would  much  prefer  coke  to  coal,  on 
account  of  the  annoying  soot  from  the  latter. 

Mr.  Edw.  M.  Dixon  said,  that  a  thermometer  put  between  the 
two  cylinders  of  the  stove  had  stood  pretty  steadily  for  half  an 
hour  at  498°,  and  that  in  the  chimney,  a  few  inches  from  the  base 
of  the  stove,  it  stood  at  207®.  Mr.  Smith's  suggestion  as  to  further 
<»xhausting  the  heat  from  the  products  he  therefore  thought 
valuable. 


III. — On  a  Waate-Preventbyj  Water  Tap,     By  Mr.  William  Ross. 


[Read  before  the  Sociefcy,  November  27,  1875.] 


Owing  probably  to  the  domestic  rate  for  water  being  genei*ally 
levied  on  the  rental  of  the  property  using  the  water,  and  not,  as  in 
the  case  of  other  commodities,  on  the  quantity  consumed,  the  quan- 
tity toasted  is  undoubtedly  very  much  greater  than  it  would  other- 
wise be,  and,  as  a  consequence,  the  rate  itself  is  also  very  much 
higher.  All  ratepayers,  therefore,  should  be  directly  interested  in 
any  simple  means  which  can  be  produced  for  preventing  careless  or 
negligent  waste. 

I  propose  the  following,  as  being  both  effective  and  simple. 

A  flexible  disc  A,  with  a  very  small  hole  C,  almost  a  capillary 
one,  in  its  centre,  is  so  placed  as  to  cover  and  uncover  the  outlet  B 
from  the  main,  and  is  itself  covered  by  a  closed  case,  containing  a 
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spring  the  pressure  of  which  on  one  surface  of  the  flexible  dise- 
19  less  than  the  preaanre  of  the  water  on  the  uther  sur&ce.  In  th<t 
shnt  position  of  the  tap  shewn,  the  dischiti^e  piiK>  or  swan-neck 
being  down,  no  wnter  can  mn,  even  if  the  tup  itself  be  very  leaky. 


because  the  water  from  the  main  having  filled  the  spring  chamber 
throngh  the  small  hole  to  the  same  pressure  as  the  main,  the  prcs- 
Hnre  of  the  spribg  closes  the  outlet  from  the  main  itself.  When  the 
discharge  pipe  is  raised  to  about  the  horizontal  position,  the  water- 
way E  of  the  tap  passes  an  outlet  F,  from  the  spring  chamber,  and 
allows  the  water  there  to  escape,  and  the  pressure  in  it  to  fall 
The  pressure  on  the  main  side  of  the  disc  being  now  greatest,  the 
outlet  is  uncovered;  but  as  the  tap  outlet  is  (in  this  position  of  the 
discharge  pipe)  not  open,  no  water  can  run  unless  the  tap  itself  be 
leaky.  If,  however,  the  discharge  pipe  be  raised  to  the  vertioai 
position — the  position  of  open  tap — the  water  will  now  mn,  and 
with  all  the  velooity  due  the  pressure  of  the  main  at  the  tap.  At 
the  same  time,  the  outlet  from  the  spring  chamber  being  now  closed. 
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the  water  from  the  main  slowly  fills  that  chamber  until  the  pres- 
siire  in  it  is  greater  than  in  the  main,  when  the  outlet  from  the 
main  becomes  covered  by  the  disc;  so  that  only  a  certain  quantity 
of  water  can  be  run  at  each  time  the  tap  is  opened,  as  it  then 
ceases,  and  must  be  again  shut  and  opened  for  a  fresh  supply.  The 
quantity  which  can  be  run  at  one  opening  of  the  tap  is  regulated^ 
when  the  main  is  stopped,  by  the  size  of  the  small  hole  in  the  disc — 
being,  in  fact,  inversely  proportional  to  the  area  of  the  hole,  and 
this  area  is  easily  varied  by  the  simple  turning  of  a  screw.  These 
water  taps  are  now  manufactured  by  Messrs.  J.  &  A.  Law  of  this 
city,  but  owing  to  a  defect  in  the  Corporation  Water  Act  they  are 
not  yet  introduced  here,  nor  have  they  even  been  submitted  to  the 
authorities  for  their  approval. 


The  lengthened  discussion  which  followed  was  of  more  municipal 
than  scientific  interest. 


24  Philosophical  Society  of  Glasgow. 


IV. — On  a  Boat-Lowering  Apparatus.     By  Captain  Barb. 


[Read  before  the  Society,  November  27,  1875.] 


To  lower  small  boats  safely  from  the  decks  of  sliips  into  the  sea,  when 
the  ship  is  in  motion  from  the  action  of  the  waves,  or  when  under 
way,  is  not  always  a  matter  of  easy  or  of  certain  accomplishment. 
The  difficulty  and  danger  are  increased  when  the  weather  is  rougli, 
and  still  more  when  a  panic  has  seized  the  voyagers.  Anything, 
therefore,  which  enables  the  operation  to  be  performed  more  quickly 
or  more  safely  must  be  beneficial.  The  usual  movable  pulley  block 
to  which  the  boat  is  attached,  with  the  fixed  blocks  at  the  heads  of 
two  davits  or  cranes,  has  maintained  its  position  for  many  years 
against  all  attempts  to  displace  it,  the  chief  improvement  efifected 
in  boat-lowering  apparatus  being  the  simultaneous  disengagement 
of  both  ends  of  the  boat  from  their  fastenings  to  the  movable 
blocks.  In  a  heavy  sea  the  danger  of  breaking  the  small  boat,  and 
rendering  it  useless  by  its  striking  against  the  ship's  side,  increases 
as  the  boat  is  being  lowered,  owing  to  the  increasing  length  of  the 
suspending  rope. 

Mr.  Barr  has  planned  to  reduce  this  danger.  He  attaches  the 
davits,  one  to  each  end  of  a  horizontal  fore-and-aft  axis,  placed 
below  the  boat  in  its  highest  position.  As  the  davits  are  made  to 
turn  through  a  given  angle,  the  boat  swings  through  the  same 
angle,  and  the  length  of  the  suspending  ropes  are  thus  reduced 
by  the  amount  of  the  versed  sine  of  the  arc  through  which  the 
davit  head  has  moved.  The  boat  may  now  be  lowered  to  the  sea 
from  this  lower  position  of  the  davit  head,  by  means  of  the  ordinary 
movable  pulley  block  and  tackle,  where  the  power  is  applied  to 
the  fall,  and  the  boat  attached  to  the  movable  pulley ;  or  by  the 
method  Mr.  Barr  employs  for  river  use — viz.,  where  the  power  is 
applied  to  the  movable  pulley  and  the  boat  to  the  fall.  By  this 
means  both  ends  of  the  ropes  being  fixed  are  freer  from  the  inter- 
ference of  passengers,  and  always  in  place,  the  power  being  applied 
by  means  of  wheelwork  to  the  horizontal  axis. 
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V. — On  a  Rope  CaicJtfoT  Turners.   By  Mr.  James  R.  Napier,  F.R.S. 


[Read  before  the  Society,  November  27,  1875.] 


Having  been  often  annoyed  with  the  work  slipping  in  the  chuck 
(a  hollow  cone),  and  too  lazy  to  make  a  special  catch  for  the  kind  of 
work  I  often  turned,  and  on  one  occasion  in  the  country  the  chuck 
itself  being  very  inconvenient  for  the  purpose,  a  very  simple  catch 
suggested  itself — ^viz.,  a  cord  fastened  to  the  chuck  and  rolled  round 
the  work  in  the  direction  to  produce  tension,  with  the  free  end 
placed  iiAider  the  last  turn  of  the  cord.  The  friction  of  the  cord  holds 
the  free  end  securely,  and  a  force  equal  to  the  streij^h  of  the  cord 
can  now  be  applied  to  the  work,  which  will  revolve  until* the  force 
is  so  great  as  to  break  the  cord.  The  rope  catch  has  other  advan- 
tages which  turners  can  easily  understand.  It  is  very  quickly 
applied;  it  saves  material,  and  does  not  injure  the  finislied  work, 
&c.     It  is  applicable  chiefly  to  long  work. 

It  is  probable  that  so  simple  a  catch  may  not  be  new;  but  1  have 
not  seen  it  used  by  either  professional  or  amateur  turners,  and 
submit  that  the  professional  turner  might  frequently  employ  it 
with  advantage. 


VI.  —  On  a  Sandpaper  Catch  for  Turners. 
By  Mr.  James  R.  Napier,  F.R.S. 


[Read  before  the  Society,  November  27,  1875.] 


Wheh  discs  are  being  turned,  the  pressure  of  the  non-revolving 
centre  is  seldom  sufficient  to  prevent  slipping.  The  friction  is 
gr^tly  increased,  and  the  slipping  reduced,  if  not  prevented,  by- 
inserting  between  the  work  and  the  chuck  a  double  ply  of  sand, 
glass,  or  emery  paper,  with  the  smooth  sides  gummed  together. 


2G  FhilosojyJiical  Societi/  of  Glasgov:. 


YII. — On  a  Simple  Means  of  Keeping  Biscuits,  d'c.y  Dnj.    By  the  late 

Mr.  Walter  Crum,  F.R.S. 


[Read  before  the  Society,  November  27,  1875.] 


Mr.  Dixon  explained  shortly  the  means  in  question.  He  said  that 
Mr.  Crum  appeared  to  have  applied  the  property  which  unslaked 
lime  possessed  of  absorbing  moisture  to  the  preservation  of  biscuits 
for  his  family  use.  The  boxes  which  he  constructed,  and  which 
were  still  in  daily  use,  were  about  nine  inches  in  diameter  and 
about  twelve  inches  deep^  having  a  tray  about  an  inch  deep,  filled 
with  unslaked  lime,  resting  on  a  ledge  inside  near  the  top,  the 
whole  covered  with  a  close-fitting  lid.  With  fresh  lime  and  the 
boxes  not  opened  for  six  months  the  biscuits  had  remained  as  dry 
as  when  first  placed.  If  the  boxes  were  opened  daily  the  lime 
retained  its  efficiency  ^or  from  six  weeks  to  two  months. 

A  Member  remarked  that  an  ordinary  tin  box,  if  kept  tightly 
closed,  would  keep  biscuits  crisp  for  a  very  long  time. 
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VIII. — Introductory  Address  to  tlie  Cliemical  Section.  By  John 
Ferguson,  Esq.,  M.A.,  Professor  of  Cliemistry  in  the- 
University  of  Glasgow. 


[Read  before  the  Society,  December  15,  1875.] 


My  firet  duty  to-night  is  to  return  thanks  to  the  Section  for  the 
honour  it  has  done  me  in  electing  me  President. 

It  is  the  custom  for  those  who  are  put  in  positions  similar  to  my 
own,  from  time  to  time  to  leave  the  consideration  of  special  topics, 
and  to  seek  to  direct  attention  to  what  may  be  doing  by  others  in 
different  fields,  to  endeavour  to  rise  to  wider  views,  to  cstimate^ 
the  tendencies  of  the  time,  or  to  anticipate  what  may  still  remain 
concealed  in  the  future.  In  complying  with  this  custom,  on  the 
present  occasion,  I  shall  try  to  lay  before  you  a  few  brief  considera- 
tions on  a  topic  which,  whether  it  be  of  practical  importance  or  not, 
has  always  appeared  to  me  fiill  of  interest  and  highly  suggestive. 

There  is  no  doubt  that  at  the  present  time  neither  the  history 
of  science  in  general,  nor  of  chemistry  in  particular,  attracts  many 
students.  This  is  the  more  remarkable  when  it  is  considered  that 
most  other  branches  of  history,  as  of  philosophy,  art,  and  literature — 
of  indi^'iduals,  peoples,  and  nations— of  social,  domestic,  and  political 
events — of  civilisation  as  a  great  whole,  are  now  cultivated  to  a 
higher  pitch  than  at  any  previous  time.  It  is  also  very  curious, 
when  we  consider  that  this  is  the  time  when  the  facts  and  resulta 
of  science  have  acquired  their  greatest  extension  by  practical 
applications,  and  when  the  methods  of  -scientific  investigation  are 
influencing  other  departments;  when,  therefore,  the  origin  and 
development  of  those  methods,  and  the  ideas  from  which  they 
sprung,  or  which  they  have  attempted  to  realise,  might  be  supposed 
to  exercise  as  great  an  attraction  on  thoughtful  minds  as  the  origin 
and  progress  of  language,  or  philosophy,  or  ethnology,  or  of  some 
state  or  nation,  and  that  therefore  we  might  look  for  many  histories 
of  the  inductive  sciences.  But,  as  we  all  know,  there  is  a  notable 
absence  of  such  expositions,  a  notable  indifference — amounting  in 
some  cases  almost  to  horror — on  the  part  of  scientific  men  to  the 
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history  of  their  sciences,  and  to  the  lives  and  discoveries  of  their 
predecessors. 

I  cannot  help  comparing  the  interest  felt  by  all  classes  of  men 
for,  say,  Shakespeare,  and  for  the  minutest  details  of  his  life  and 
works,  with  that  felt  (even  by  specialists)  for,  say,  Sir  Isaac  Newton. 
I  cannot  help  comparing  the  numbers  of  editions  of  Shakespeare's 
works  with  those  of  Newton's  Frindpia  and  Optics,  I  think  of  the 
interest  in  Plato,  as  compared  with  that  in  Hippocrates;  of  the 
interest  in  Horace  or  Juvenal,  as  compared  with  that  in  Pliny's 
NcUurcU  Uistory,  Of  the  millions  who  have  learned  Euclid  by  rote, 
how  many  know  or  care  whether  Euclid  is  the  name  of  a  man  or 
merely  the  title  of  a  book  on  geometry?  Would  the  civilised  world 
take  the  intei-est  in  any  new  discovery  connected  with  that  famous 
Greek,  which  it  has  lately  taken  in  the  various  investigations 
relating  to  Homer  and  the  scene  of  the  Trojan  war  1  We  might  go 
through  the  literatures  of  ancient  and  modem  times,  and  always 
with  the  same  result.  The  poets,  the  philosophers,  the  historians 
live  and  appeal  to  all ;  those  who  have  written  of  outer  material 
nature  are  quite  forgotten,  or  remembered  but  by  a  few. 

One,  indeed,  might  make  shift  to  dispense  with  the  interest  of 
the  multitude  in  these  subjects,  but  that  of  scientific  men  them- 
selves seems  rarely  enlisted  by  the  history  of  their  science.  If  this 
be  so,  is  the  conclusion  unavoidable  that  this  topic — the  histoiy  of 
science — is  so  extensive  that  it  is  beyond  the  grasp  of  any  one  to 
deal  with  it?  This  can  hardly  be  true.  Or  is  it  that  the  history  of 
those  branches  of  knowledge  which  themselves  are  most  lauded  at 
the  present  day  for  their  precision,  and  especially  for  their  use — 
that  is,  not  for  their  own  sakes,  but  as  meaus  to  other,  and  of 
necessity  more  important  ends,  and  which  are  to  be  taught  sooner 
or  later  everywhere  as  among  the  most  important  ^  educational 
agencies — ^that  the  history  of  those  branches  is  quite  deficient  in 
interest  ? 

To  confine  ourselves  to  our  own  science  (though  what  I  say  is 
applicable  more  or  less  to  others),  do  chemists  at  the  present  day 
feel  that  interest  in  the  chemistry  of,  say,  fifty  or  one  hundred  years 
ago,  that  a  student  of  English,  French,  or  German  does  in  the 
literature  of  those  languages  during  the  same  time  ?  Is  there  any 
reason  why  he  does  not  ? 

It  will  be  urged  that  the  studies  are  not  comparable  :  the  study 
of  literature  is  of  man's  works,  that  of  chemistry  is  of  the  works 
of  Nature.  It  is  more  impoi*tant,  it  will  be  said,  to  ask  Nature 
than  to  read  books.     This,  which  is  true,  if  properly  explained. 
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would,  if  taken  in  its  literal  sense,  make  the  study  of  natural 
science  not  a  liberalising  and  humanising,  but  one  of  the 
most  selfish  and  narrowing  of  pursuits.  But  as  a  matter  of 
fact,  even  the  greatest  stickler  for  personal  experiment  cannot 
escape  reading  what  has  been  done^  and  is  doing.  Indeed, 
for  once  we  require  to  ask  Nature,  we  consult  books  ten  times. 
If  books  are  not  to  be  studied,  what  is  the  meaning  of  the  haste 
to  publish  discoveries  and  discussions?  Why  should  one  not 
rest  satisfied  in  one's  own  mind  with  having  brought  something 
new  to  light,  instead  of  announcing  it  to  the  whole  world  1 
No  one  at  the  present  day  would  venture  to  believe  only  what  he 
had  himself  confirmed  experimentally — that  in  his  short  life  he  could 
repeat  and  criticise  everything  that  is  doing  by  scores  of  workers  in 
different  departments — when  it  takes  a  large  band  of  writers  simply 
to  reduce  new  investigations  to  a  bulk  in  which  they  are  available 
for  perusal.  Besides,  all  our  theories  are  found  only  in  books. 
Nature  furnishes  no  theories.  A  science,  however,  is  only  a 
science  in  its  theories,  and  to  know  these  one  must  study  them 
in  succession  in  the  books  containing  them.  From  what  one 
sees,  however,  in  current  text-books,  it  is  plain  that  the  interest 
is  supposed  to  lie  in  the  matter  of  fact,  and  the  historico- 
theoretical  element  is  quite  eliminated.  Those  who  read  even 
the  larger  works  are  left  ignorant  of  the  discovery  of  some  all- 
important  bodies.  If  such  an  epoch-making  event  as  the  discovery 
of  sulphuric  acid  existed  in  the  history  of  literature,  philosophy,  or 
art,  how  minutely  would  its  history  be  examined  and  criticised  !* 
Suppose  in  a  literary  examination  paper  a  review  of  the  difierences, 
say,  between  Pope  and  Tennyson  was  wanted,  I  imagine  every  one 
would  be  able  to  say  something  about  the  characteristics  of  these 
]>oets.  But  picture  the  modern  chemical  student  asked  to  recapitu- 
late Davy's  arguments  against  the  oxygen  theory  of  acids,  or  the 
chief  points  in  the  long  discussion  between  Berzelius  and  Qerhardt, 
or  between  Berthollet  and  Proust.  And  yet,  I  humbly  conceive, 
the  full  comprehension  of  current  views  is  unintelligible  unless  one 
has  mastered  preceding  developments. 

Assuming,  then,  the  lack  of  interest  in  history  as  certain,  the 
question  arises,  Why  is  it  so? 

So  far  as  I  am  able  to  judge,  it  cannot  be  because  the  principles 

*  There  is  perhaps  only  one  chemical  question  the  history  of  which  has  been 
minutely  discussed,  and  on  which  paper  after  paper  has  been  written, — the 
discovery  of  the  composition  of  water.  The  most  recent  contribution  to  this 
subject  is  by  Dr.  Kopp,  in  the  third  part  of  his  BeUr&ge^  1875. 
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obtained  fi'om  the  history  are  of  no  iiupoi*tance,  but  rather  from  a 
latent  feeling  that  there  is  a  want  of  union  between  the  science  and  its 
history.  The  facts  and  principles  contained  in  the  history  of  chemistry 
are  not  those  of  the  science  itself,  or,  if  they  are  the  same,  they  are 
•considered  from  a  very  different  point  of  view.  The  history  of 
chemistry,  in  short,  furnishes  the  chemist,  as  the  investigator  of 
•certain  properties  of  matter,  with  nothing  which  is  of  assistance  to 
him  in  increasing  his  knowledge  of  these  properties,  and  is  there- 
fore of  no  use  to  him  in  the  pursuit  of  his  calling.  Naturally 
enough,  then,  he  does  not  spend  time  on  a  subject — even  the  history 
of  his  own  science — which  has  no  more  import  for  him  than  the 
history  of  grammar  or  of  maritime  discovery.  But  the  penalty 
paid  for  this  is  severe,  for  there  is  no  literature  which  sooner 
becomes  antiquated,  and  even  obsolete,  than  the  scientific,  which  so 
soon  ceases  to  have  an  intrinsic  and  acquires  a  purely  historical 
value. 

In  perusing  now  the  writings  of  Priestley  or  Scheele,  Lavoisier 
or  Davy,  or  even  of  more  recent  men,  the  interest,  such  as  it  is, 
felt  in  them  is  not  derived  solely  from  the  number  of  new  facts  they 
<X)ntain — for  they  contain  none,  all  the  hard  won  facts  of  these  men 
having  long  ago  been  swallowed  up  and  assimilated  in  the  general 
body  of  science — or  the  accuracy  of  the  theories  recorded,  but  the 
interest  is  mingled  partly  with  curiosity  to  observe  how  far  the 
author's  knowledge  was  an  advance  upon  that  of  his  predecessors, 
how  far  that  of  the  reader  is  an  advance  upon  that  of  the  most 
famous  expeiimentalists  and  discoverers  of  their  own  or  of  any 
succeeding  epoch  ;  partly  with  a  personal  interest  in  the  men  them- 
selves, as  possessed  of  genius,  energy,  and  success  in  the  discovery 
of  chemical  phenomena.  But  no  chemist  who  wishes  to  be  abreast 
of  the  facts  of  his  time  would  think  of  studying  Priestley's  views  on 
vital  air,  a.d.  1774,  while  last  year's  Jci/iresberieht  is  lying  uncut. 
Following  up  this  argument,  it  is  plain  that  older  writings  will  be 
perused  still  less  frequently  for  the  facts  and  ideas  they  furnish,  so 
that  when  at  last  writings  cease  to  have  immediate  connection  with 
the  present,  they  cease  to  attract  the  modem  student. 

Now,  since  only  the  modem  cultivator  of  a  branch  of  science — the 
student  of  chemistry,  for  instance — can  intelligently  read  older  books 
and  correctly  estimate  the  work  of  his  predecessors,  and  yet  does  it 
not,  it  can  hardly  be  expected  that  others  will  who  have  not  the 
corresponding  taste  and  knowledge.  Thus,  between  those  who  will 
not  and  those  who  cannot  record  the  events  of  the  past,  the  profit,  the 
ideas  to  be  derived  from  the  contemplation  of  the  history  of  science^  are 
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lost.  Absorbed  in  the  present,  we  think  that  it  will  r^nain  as  we 
have  been  taught,  or  have  taught  ourselves,  to  view  it;  when  a  change 
comes,  and  every  foundation  seems  to  be  giving  way,  we  are  incapa- 
citated by  habit  from  estimating  correctly  the  amount  and  the 
character  or  direction  of  the  alteration.  The  corrective  for  the 
narrowness  of  such  thinking  is  to  be  found  in  historical  study — ^the 
best  assistance  in  recognising  and  valuing  the  true  worth  of  change 
is  derived  from  historical  ideas  and  laws. 

The  chemist,  then,  who,  however  devoted  he  may  be  to  his 
special  pursuit,  and  however  completely  he  resigns  himself  in  his 
actual  work  to  the  phenomena  Nature  compels  him  to  accept,  and 
to  the  inferences  which  he  must  necessarily  draw  from  them,  yet 
retains  a  consciousness  of  his  own  superiority  to  both  facts  and 
inferences,  exhibits  his  true  attitude  to  them  when  he  reviews 
them  as  compared  with  the  preceding  phases  of  the  science,  and  then 
reviews  the  whole  science  as  co-ordinated  with  the  rest  of  knowledge, 
and  as  an  instrument  of  his  own  mental  cultivation.  At  this  stage, 
however,  the  chemist  passes  beyond  the  comparatively  narrow  sphere 
of  his  own  science,  and  enters  the  wider  domain  of  principles  and 
general  laws.  Obviously  in  this  transition  the  means  made  use  of 
are  necessanly  historical.  For  if  he  bring  his  own  science  into  con- 
nection with  the  rest  of  present  knowledge,  and  abide  there,  he  has 
only  stated  a  fact ;  he  has  performed  a  synthesis,  as  he  would  say 
himself,  but  has  not  availed  himself  of  the  result.  The  only  use 
of  such  a  synthetic  classification — beyond  that  of  satisfying  a  desire 
of  logical  order — is  to  compare  the  whole  circle  of  science  thus 
obtained  with  similar  generalisations  of  earlier  times,  to  institute, 
in  fact,  historical  comparisons  for  the  eduction  of  historical  laws 
and  the  rationalising  of  historical  phenomena. 

This,  then,  seems  to  indicate  what  is  a  chief  cause  of  the  want 
of  interest  in  the  history  of  chemistry.  It  is  not  so  much  that  the 
facts  of  the  history — or,  as  they  may  be  called,  chemical  antiquities 
— are  in  themselves  more  or  less  interesting  than  any  other  mere 
facts,  but  that  they  have  not  always  been  dealt  with  in  an  interesting 
way;  they  have  not  been  made  to  yield  results  which  are  of  per- 
manent interest  in  the  science  of  laws,  in  the  general  development 
of  thought.  But  to  whatever  cause  we  ascribe  the  deficiency  of 
interest  in  the  historical  evolutions  of  the  science — whether  to  the 
absorbing  nature  of  facts  and  their  experimental  discovery,  or  to 
the  still  more  devouring  passion  for  practical  applications  of  these 
facts  to  manufactures,  which  are  to  enable  us  to  hold  our  own,  as 
the  phrase  goes,  against  foreign  competition,  or  to  any  other  that 
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may  be  discovered — ^tbere  can  be  no  doubt  as  to  tlie  practical 
restdt,  that  no  original  work  on  the  subject  has  appeared  during  the 
last  five-and-forty  years  in  this  country.  The  want  of  historical 
interest,  knowledge,  and  criticism  was  conspicuous  when  a  recent 
occasion  called  for  the  exercise  of  all  three,  and  when  a  feeble,  half- 
spirited  caveat  was  entered  against  a  now  famous  uttei*ance,  as  if 
the  author  of  it  were  doubtful  of  the  accuracy  of  his  facts  and  the 
strength  of  his  position.  The  treatment  of  history  by  the  British 
writers  is  not  of  a  kind  to  enable  us  to  arrive  at  general  ideas.  As 
historians  they  have  taken  up  what  seems  a  perfectly  barren  posi- 
tion— they  either  apologise  for,  or  petulantly  complain  of  their 
facts.  Their  criticism,  when  there  is  any,  consists  in  applying  the 
historian's  knowledge  as  a  standard  by  which  to  judge  that  of  a 
writer  50  or  100  or  1000  years  earlier,  without  considering  the 
manifold  conditions  and  surroundings — some  facilitating,  othei's 
retarding — under  which  all  knowledge  is  acquired  at  all  times.  So, 
instead  of  dealing  with  the  chemistry  of  the  Dark  Ages,  or  of  the 
time  of  Charles  II.,  or  of  any  other  time  as  a  fixed  immutable 
phenomenon  in  the  history  of  European  thought,  instead  of  searching 
for  the  causes  from  which  these  remarkable  phases  of  science  origin- 
ated and  prevailed  to  the  extent  they  did,  it  has  been  too  much 
the  habit  to  find  fault  with  the  working  of  those  epochs,  to  complain, 
for  instance,  that  so  much  time  was  spent  by  the  alchemists  in 
trying  to  realise  their  belief  that  transmutation  is  possible,  or  to 
prepare  the  elixir  of  life.  If  any  time  could  be  spent  to  less 
purpose  than  that  by  the  alchemists,  it  would  be  that  spent  by 
historians  in  complaining  that  the  alchemists  had  so  spent  it. 

And  when  we  come  to  the  minuter  details  of  history,  there  is  still 
a  defect  in  the  search  for  causes.  There  is  much  about  what  was 
discovered,  but  not  about  the  why  and  how.  The  main  question, 
however,  ought  to  be,  What  is  the  idea  which  gave  origin  to  a  given 
course  of  investigation,  or  which  dominated  at  a  particular  time? 
In  how  far  was  the  idea  .confirmed,  and  thus  became  part  of  the 
established  body  of  science,  something  which,  being  necessarily  true, 
remains  always  available?  Such  methods  of  historical  inquiry 
are  those  which  attract  the  great  bulk  of  mankind.  It  is  the 
energising  thought  of  the  investigator  which  appeals  direct  to  our 
own  minds,  and  not  the  bare  facts  which  he  discovered.  Contact 
with  such  a  mind  and  with  such  thoughts  is  a  far  richer  scientific 
training  than  the  mere  learning  of  secrets  '^  wrung  from  Nature's 
close  reserve ; "  and  it  is  in  history  conceived  in  this  spirit,  not  in 
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the  dry  calendar  of  dates  and  facts,  that  an  ordinary  human  being 
iinds  rational  interest  and  sympathy. 

For  the  great  bulk  of  mankind  I  have  more  hope  of  scientific 
culture  being  obtained  by  a  study  of  the  history  of  chemistry,  or 
of  some  other  branch  of  science,  than  by  the  little  that  can  be  got 
from  lectures,  and  the  less  to  be  derived  from  current  text-books. 
From  the  aridity  of  these  last,  no  spring  of  human  interest  arises  to 
quench  the  thirst  of  the  student  exhausted  by  the  endless  expanse 
of  facts.  And  yet  it  was  not  always  so ;  .one  has  only  to  look  back 
to  some  of  the  earlier  treatises  to  find  the  discussions  as  well  as  the 
results.  It  would  be  curious  to- inquire  into  the  origin  of  this 
change,  but  it  is  beside  my  present  subject. 

In  what  I  have  now  s»id  I  speak,  of  course-,  of  mental  disci- 
pline by  scientific  methods,  not  of  the  training  requisite  for  a 
man  who  is  to  make  technical  or  professional  use  of  chemistry. 
But  just  as  any  one,  without  knowing  a  syllable  of  Sanscrit  or  of 
Assyrian,  can  understand  and  value  the  deductions  of  modem 
philology,  but,  if  he  will  become  a  linguistic  investigator,  must 
acquire  difierent  languages,  so  the  majority  of  men  who  wish  to 
have  some  acquaintance  with  the  course  of  procedure  and  the 
results  of  chemistry,  can  learn  from  history  what  they  never  can 
master  by  personal  experience.  The  educative-  value,  in  the 
wider  sense,  is  one  of  the  merits  of  the-  history  of  science,  as 
has  been  pointed  out  by  Dr.  WhewelL  "  In  the  history  of 
science,"  he  says,  "  we  see  the  infinite  variety  of  Nature ;  of 
mental,  no  less  than  bodily  nature;^  of  the  intellectual,  as  well 
as  of  the  sensible  worlds  The  modes  of  generalisation  of 
particulars — of  ascent  from  the  most  actual  things  to  the  most 
abstract  ideas — how  difierent  are  they  in  botany,  in*  chemistry,  in 
geology,  in  physiology  !  Yet  all  most  true  and  real ;  all  most 
certain  and  solid  ;.  all  of  them  genuine  and  indisputable  lines  of 
union  and  connection,  by  which  the  mind  of  man  and  the  facts  of 
the  universe  are  bound  together ;  by  which  the  universe  becomes 
a  sphere  with  intellect  for  its  centre ;  by  which  intellect  becomes 
in  no  small  degree  able  to  bend  to  its-  purposes  the  pawers  of  the 
universe."  * 

And,  according  to  the  same  author,  it  thus  becomes  a  corrective 
to  ordinary  abstract  logic  by  the  abundance  of  its  matter  and  its 
inductive  basis  ;  in  fact,  it  is  only  historically  that  a  science  can  bo 

•  On  the  Influence  of  the  History  q^  Science  upon  Intellectual  Education, 
Lecture  at  the  Koyal  Institution,  p.  30. 
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taught  iiidud;ively.*  I  should  feel  inclined,  however,  to  ascribe 
higher  than  merely  practical  aims  to  the  history;  for,  the  recording 
of  discovered  facts  being  left  to  the  science,  the  history  should  be 
'Concerned  with  the  course  of  the  discoveries,  and  the  subjection  of 
tliis  course  to  the  ideas  of  the  epoch  in  which  they  were  made. 

In  speaking  as  I  have  done  of  historians,  I  am  perhaps  guilty 
of  dealing  to  them  the  same  kind  of  criticism  as  they  bestowed 
upon  their  predecessors.  I  am  perhaps  not  considering  sufficiently 
•that  when  they  wrote  they  were  not  so  far  removed  from  what  were 
deemed  pestilent  errors  as  we  are  now,  and  especially  that  the 
higher  method  of  regarding  history  was  unknown  to  them.  This, 
however,  is  but  saying  in  other  words  that  if  the  science  has 
progress«i  during  the  last  fifty  years,  so  has  the  treatment  of  its 
history ;  that  if  new  facts  and  generalisations  have  been  added  to 
the  general  «ystem,  new  facts  and  generalisations  have  been  won  in 
the  domain  of  ^history ;  that  if,  as  I  said  before,  a  chemist  feels  it 
his  duty  rather^ to  study  the  annual  survey  for  1874  than  Bishop 
Watson's  or  Bergman's  Essays^  so  the  historian  would  not  engage 
in  the  perusal  >of  Thomson's  or  Brande's  Sketclies,  if  he  had  the 
recent  contributions  to  chemical  history  of  Dr.  Kopp  still  to  read, 
or  Andrieu's  exposition  of  AWnemi/.f 

It  is  our  regret  that,  for  the  most  recent  information  and  newest 
lights  upon  the  subject,  we  must  go  to  France  and  Germany, 
because,  with  all  our  endeavours,  we  seem  as  unable  to  hold  our 
own,  to  quote  the  phrase  once  more,  against  foreign  competition  in 
this  department  of  investigation  as  in  others.  For  the  second 
time  the  Germans  are  engaged  in  recording  the  history  of  the 
sciences.  The  older  series  appeared  about  the  beginning  of  the 
century,  and  it  contained  works  which,  in  spite  of  the  progress  of 
discovery,  are  still  valuable.  The  newer  series  is  appearing  under 
the  joint  patronage  of  the  King  of  Bavaria  and  the  Academy  of 
Sciences  at  Munich,  and  is  executed  by  some  of  the  most  dis- 
tinguished specialists  in  Germany.  We  turn  to  France,  and  we 
find  there  a  series  of  histories,  not  on  the  same  scale  as  the 
German,  it  is  true,  but  perhaps  better  suited  for  pojwilar  reading. 
It   differs   also  in  being   a   private   enterprise;   but  this  shews 

*  It  is  a  modem  fancy  that  a  science  ahonid  be  tanght  inductively— that  is,  as 
the  facts  were  discovered.  It  is  tmnecessary  to  confute  so  unpractical  a  notion ; 
but  it  is  worth  while  remembering  that  Berzelins  anticipated  it  long  ago,  and 
pointed  out  its  deficiencies. 

t  In  the  Enqfclopcddia  BrUannica,  L  459-467.    Edin.,  I87&    9th  Edition. 
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the  interest  felt  for  science  among  the  French.  Both  countries, 
and  especially  Germany,  can  also  produce  several  histories  of 
chemistry  of  greater  or  less  value,  written  in  recent  times. 
One  may  regret,  also,  that  such  a  body  as  the  Royal  Society,* 
or  the  British  Association,  is  not  able  to  organise  a  scheme  similar 
to  that  of  the  Munich  Academy,  and  to  issue  a  series  on  the 
history  of  science  in  Britain  during  the  last  150  or  200  years. 

Among  the  problems  which  the  history  of  chemistry  affords,  that 
of  tracing  the  origin  of  the  science  is  one  of  the  most  interesting, 
and  at  the  same  time  most  recondite.  In  searching  for  this  wo 
must  not  start  with  a  preconceived  notion  of  the  importance  of  this 
or  that  period  of  history  ;  we  must  try  to  attain  it,  not  by  carrying 
back  the  modern  concept  to  a  definite  starting  point,  and  not  by 
supposing  that  the  i)rogress  of  chemical  ideas  was  solely  an  out- 
growth from  the  mind  being  directed  isi  one  course  ^f  observation 
and  thinking.  On  the  contrary,  since  the  progress  of  ideas  in  one 
line  of  thought  sooner  or  later  conditions  and  is  conditioned  by 
progress  in  other  branches  of  inquiry,  and  even  originates  new 
topics  for  investigation  and  discussion,  we  may  rather  look  for 
chemical  notions  appearing  from  time  to  time  incidentally  in  the 
midst  of  other  developments  of  thought.  As  the  idea  of  history — 
whether  of  special  or  of  uniTersal  and  philosophical — is  that  of 
evolution,  from  simple  to  complex  relations  and  manifestations,  we 
may  expect  chemistry  not  only  in  itself,  but  also  in  its  general 
relations,  as  a  body  of  ascertained  and  partially  reasoned  facts,  to 
agree  with  this  idea.  The  time,  therefore,  at  which  we  shall 
choose  to  recognise  the  commencement  ^f  any  special  phase  will 
depend  very  much  upon  the  weight  we  attach  to  the  details 
of  the  manifestation  at  the  time  we  examine  it,  the  delicacy 
of  our  perception  of  cause  and  effect,  the  germs  or  antecedents 
of  thought  and  their  outgrowth.  Bui  «n  whatever  period 
we  finally  settle,  we  shall  always  find  that  the  phase  of 
the  period  immediately  preceding  to  some  extent  determines 
that  which  follows  —  that,  in  short,  the  difficulty  of  finding  an 
absolute  beginning  which  is  experienced  in  pure  thought  reproduces 
itself  in  merely  temporal  events. 

There  seems  to  have  been  a  reason,  though  not  exactly  what  they 
supposed,  in  the  older  historians  pushing  back  the  origin  of  their 

*  It  must  not  be  forgotten,  however,  that  the  Boyal  Society  has  recently 
done  good  historical  work  in  compiling  an  index  to  scientific  periodical 
literature. 
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science  to  the  earliest  periods  of  recorded  chronology.  They  thought, 
perhaps,  that  since  it  was  so  venerable  and  weighty  by  its  age, 
which  was  undoubted,  it  must  be  still  more  reverenced  if  it  could 
be  shewn  to  have  had  an  existence  from  the  very  beginning  of  time. 
But  if  we  follow  the  example  thus  set  us,  and  also  carry  back  to 
a  very  early  time  the  origin  of  the  modern  science,  it  would  be 
necessary  to  explain  the  sense  in  whioh  the  word  origin  is  used.  1 
should  employ  it  then  to  denote,  not  a  commencement  relative  or 
absolute,  but  rather  the  causes  and  conditions  of  growth,  and  the 
emergence  of  a  defined  course  of  thought  from  among  a  set  of  stray 
observations  and  casual  remarks.  What  these  causes  and  condi- 
tions were  could  be  considered  only  in  the  history  itself. 

From  what  has  been  said  there  seem  to  be  various  ways  in  which 
the  history  of  chemistry,  like  other  histories,  may  be  treated.  In- 
fluenced by  the  importance  of  the  ideas  of  any  epoch,  we  may  seek 
to  bring  them  into  prominencje,  and  pass  over  slightly  the  manner  in 
which  they  developed.  To  some  extent  this  mode  of  dealing  with 
history  is  not  without  advantages.  It  happens,  however,  sometimes 
that  the  ideas  are  not  presented  in  their  entirety  in  a  concrete 
example.  More  frequently  they  dominate  in  the  general  tone  of 
thought  or  manner  of  regarding  phenomena,  and  it  would  accord- 
ingly require  several  examples  for  every  side  to  be  exhibited. 
In  the  selection  of  these  examples,  however,  and  treatment  of 
them,  it  is  possible  to  investigate  the  history  of  chemistry  from 
another  side,  and  with  rather  different  results.  For  if  we  choose, 
as  we  must  do,  the  best  instances  of  any  period — the  representative 
men  whom  it  presents — we  shall  arrive  at  a  knowledge,  not  of  the 
abstract  impersonal  ideas  of  the  time,  but  the  influence  of  these 
agents  in  embodying  them,  in  modifying  and  reducing  them  to 
pr&diice.  Thus,  if  by  the  former  process  we  recognise  in  the  ideas  the 
highest  historical  abstractions,  obtained  by  the  adjustment  of  many 
opposing  claims,  of  many  conflicting  facts  and  hypotheses — and  by 
filling  up  from  other  sources  and  knowledge  of  what  ought  to  be, 
the  imperfect  notions  inductively  obtained  —  the  embodiment  of 
these  ideas  are  the  authors  of  the  discoveries  which  led  to  them,  the 
men  who  changed  the  aspect  of  the  science  for  their  successors,  until 
their  own  changes  had  to  be  changed,  and  whose  names  designate 
their  whole  epoch.  History  of  ideas  becomes  history  of  their  ideas; 
and  in  contemplating  what  they  attempted,  and  wherein  they  suc- 
ceeded and  failed,  we  obtain  one  of  the  lessons  which  history  supplies. 

It  is  not  possible  for  me  to  enter  on  further  details,  to  search  out 
causes,  or  even  to  sketch,  on  the  wide  plan  referred  to  above,  an 
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outline  of  chemical  history.  The  most  that  one  can  do,  even  sup- 
posing anything  more  were  interesting,  is  to  direot  attention  to  the 
most  salient  features.  To  avoid  one-sidedness,  and  to  bring  out 
more  clearly  the  conditions  under  which  general  ideas  sprung  up 
and  grew,  it  would  be  requisite  to  give  some  account  of  the  men 
who  lived  during  the  epochs,  as  it  is  from  their  writings  that  wo 
arrive  at  knowledge  of  the  dominant  thought  of  their  time. 

What  has  been  said  of  ideas  prevalent  during  a  series  of  years 
points  to  and  renders  a  classification  or  distribution  of  the  subject 
according  to  these  necessary.  Each  period  is  distinguished  by  well- 
marked  features — though  within  itself  these  sometimes  present  very 
considerable  variations,  which  it  is  of  real  importance  to  remember, 
since  they  naturally  prevent  hasty  application  of  ill-defined  gene- 
ralities, or  the  conferring  of  a  general  title,  whether  opprobrious 
or  laudatory  on  any  period  as  a  whole.  Of  still  greater  use  are 
they  when  the  attempt  is  made  to  estimate  the  typical  men  in 
an  epoch,  especially  in  the  ascription  to  them  either  of  all  the  faults 
or  all  the  merits  of  their  time. 

The  nature  of  the  subject  fortunately  saves  us  the  trouble  of 
searching  for  a  classification.  It  is  of  such  a  kind,  indeed,  that  it 
rather  forces  itself  upon  us,  and  the  consequence  is,  that  all  the  best 
historians  are  agreed  about  the  divisions  which  are  to  be  adopted. 
Accordingly,  it  runs  as  follows  : — 

Period  T. 

This  coincides  in  general  with  ancient  history.  It  extends  from 
the  earliest  period  to  the  first  centuries  of  the  present  em,  and  may 
be  divided  into  three  sections. 

1.  The  history  of  chemical  knowledge  among  the  nations  of 
antiquity,  down  to  the  seventh  century,  B.C.  It  includes  what  little 
is  known  of  the  chemical  arts  of  the  Indians,  Egyptians,  Hebrews, 
and  other  nations  of  antiquity.  We  can  only  judge  of  these  from 
their  metals,  glass,  colours,  and  other  antiquities. 

2.  From  640,  B.C.,  down  to  the  second  or  third  century,  A.D.  It 
includes  the  arts  of  the  Greeks  and  Romans,  both  as  judged  from 
their  remains  and  from  the  allusions  in  their  literature,  and  especially 
their  speculations.  The  latter  attract^  us  by  the  names  of  Thales, 
Empedocles,  Democritus,  Leucippus,  Aristotle,  Lucretius,  and  a 
host  of  others.  This  is  the  epoch  of  the  subjective  evolution  of 
natural  laws. 

3.  This  section  coincides  with  the  rise  and  progress  of  mysticism 
in  the  later  Alexandrian  schools.    It  is  in  this  peiiod  that  chemiatrY 
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first  appears  as  a  branch  of  occult  learning;  and  the  gemis  of  the 
idea  which  burst  into  full  flower  in  the  following  period  can  be 
plainly  traced  in  this.  To  this  time  also  point  the  great  number  of 
Greek  MSS.  found  in  the  public  libraries  of  Europe,  which  deal 
with  chemistry  under  the  name  of  "the  sacred  art,"  and  which  have 
recently  attracted  so  much  attention  among  chemical  historians. 
As  yet  our  knowledge  of  these  remains  is  very  imperfect ;  but  we 
have  reason  to  believe  that  by  a  careful  examination  of  them  some 
light  may  be  thrown  upon  the  origin  of  the  idea  of  transmutation. 
One  thing  seems  certain,  that  the  idea  can  be  traced  back  to  the 
third,  or  perhaps  even  the  second  century  of  our  era,  and  that  the 
name  chemistry  is  of  very  early  origin. 

Period  II. 

This  corresponds  to  tlie  Middle  Ages  of  European  history.  Just 
as  in  the  political  events  of  this  period  the  East  and  West  were 
closely  associated,  a  similar  connection  existed  in  science  and 
literature.  This,  which  is  the  period  of  alchemy,  embraces  the 
great  names  of  Ilhazes,  Avicenna,  Djaber  in  the  East,  and  the 
equally  fiimoua  names  of  Albertus  IVIagnus,  Roger  Bacon,  Lully,  and 
Basil  Valentine  in  the  West.  It  includes  no  fewer  than  seven  cen- 
turies— from  the  eighth  or  ninth  down  to  the  sixteenth. 

Period  III. 

At  this  time  begins  a  new  epoch,  inaugurated  by  the  zeal  of 
Paracelsus — the  epoch  of  medical  chemistry.  The  theories  of  this 
time  were  of  comparatively  short  duration.  They  dominated  for 
barely  two  centuries,  corresponding  with  the  first  two  of  modern 
history,  after  the  Reformation.  The  chemists  of  this  period  were 
energetic  and  successful,  and  have  left  their  names  stamped  deeply 
on  the  science  to  this  day.  Besides  Paracelsus  were  Libavius, 
Glauber,  Van  Helmont,  Agricola,  and  many  others  of  great  ability. 

PERIOD'  IV. 

This  falls  within-  the  seventeenth  and  eighteenth  centuries,  and 
it  is  the  first  in  which  chemistry  stands  out  as  a  definite  subject, 
with  ar  special  field  of  investigation  apart  from  applications,  with  a 
body  of  ascertained  facts  and  methods,  and  with  what  may  be  called 
a  general  principle.  It  was  inaugurated  by  Boyle,  reached  its 
lughest  theoretical  position  in  Stahl,.  and  was  concluded  amidst  the 
brilliant  discoveries  of  Black,  Cavendish,  Priestley,  and  Scheele. 
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Period  V. 

A  single  step  with  Lavoisier  brings  us  to- the  hist  period,  that  of 
modem  chemistry.  At  this  point  history  should  properly  stop ;  but 
though  chemists  still  reckon  Lavoisier's  theories  as  permanent,  there 
are  many  other  men  whose  discoveries  and  reasonings  have,  from 
the  progress  of  events,  inevitably  fallen  into  neglect,  and  have  been 
for  the  present  forgotten.  It  would  be  quite  possible,  therefore,- 
to  treat  these  even  now  from  the  historical  point  of  view. . 

"We  cannot  help  being  struck  with-  the  very  different  knowledge 
we  have  of  these  periods. 

Of  the  first  section  of  the  first  we  are  almost  in  complete  ignor- 
ance, both  as  to  details  and  general  views.  But  when  we  come  to 
the  second  section,  our  relations  to  it  are  so  numerous  and  close, 
the  biographies  of  the  great  men  who  then  flourished,  the  customs 
and  language,  the  literature  and  j^hilosophy,  the  art  and  architec- 
ture have  been  so  minutely  examined,  that. we  can  fraternise  with 
Greek  and  Roman  over  a  gap  of  twenty  or  thirty  centuries  far  more 
readily  than  with  our  own  ancestors,  the  Saxons,  who  lived  in  our 
own  country  at  an  interval  of  less  than  half  that  time. 

As  we  descend  in  the  chronology,  we  find  that  individuals  stand 
out  more  and  more  clearly  defined,  and  the  ideas  by  which  they 
were  influenced  become  more  numerous  and  complex,  more  difficult 
to  harmonise  and  combine. 

Thus  we  arrive  at  the  present,  wli^n  facts  and  hypoUieses  ave  well 
known,  when  the  individual  men  at  work  with  them  are  familiar  to 
xva  by  name  or  acquaintance;  but  when  the  dominating  idea  by  which 
this  age  will  be  hereafter  referred  to  by  jiosterity  is,  from  its  magni- 
tude, comparatively  unknown^  even. by  those  who  are  helping  to  fix. 
it.  Thus  we  return  to  the  point  from  which  we  started,  having 
learned  by  actual  though  very  brief  inspection,  that,  the  historical 
view  of  a  science  is  not  the  science  itself,  as  it  appears  at  any  one 
time,  but  is  a  branch  of  the.  wider,  science  o£  life  and  philosophy, 
which  has  therefore  to  be  cultivated  in  this  wider  spirit,  if  for  no 
other  end  than  the  completion  of  the  round  of  human  knowledge. 
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!X. — Notes  on  the  Physical  Geography  and  Natural  History  of  thi 
North  Coast  of  Australia,     By  the  late  Francis  Napier,  Esq.i 
— Commimtcated  by  Jas.  R.  Napier,  Esq.,  F.R.S. 


[Read  before  the  Society,  J'anuary  12,  1876.] 


[The  folio  wing,  notes  are  the  result  of  a  request  recently  made  by* 
the  Council  of  the  Physical  Section  to  the  late  Mr.  Francis  Napio*, 
for  an  account  of  his  voyage  from  Sydney  to  the  north  coast  of 
Australia  in  the  year  1867.  He  had  <iot  quite  completed  a  draft  of 
them  in  pencil  wb«n  he  died.  This  dvaft  has  been  re-copied,  and  itf 
now  communicated  to  the  Society*  He  has  left  an  interesting 
journal  of  his  >coyage,  extending  to  over .  3£)0  quarto  pages,  giving 
an  account  of  the  discoveries  made  in  'regions  previously  unvidted 
by  Europeans.  This  journal  his  family  has  kindly  put  at  my 
disposal.  Unfortunately,  no  oon^leted  map  or  chart  to  accompany  I 
the  journal  has  been  discovered,  but  merely  fragments  of  surveys. 
On  a  reference,  however,  to  the  last  Admiralty  chart  of  these  regions, 
I  find  some,  if  not  all,  of  his  survey  work  embodied  in  hair  lines — 
the  new  channel  he  discovered  being  called  "  Cadell  Strait,"  from 
the  name  of  the  chief  of  the  expedition,  and  the  peninsula  on  its 
southern  side  '^  Napier  Peninsula."  He  appears  to  have,  in  an  open 
boat,  sailed  over  and  ma{)ped  about  <800  miles  •of  \inexplored  coast, 
and  of  rivei*s  not  pre>8iously  known,  discovering,  besides* the  entrance 
to  the  Roper  River,  a  magnificent  harbour  on  the  west  side  of  t)ie 
Gulf  of  Carpentaria — a. harbour  said  to  be  larger rthan  Fort^aekson, 
and  protected  from  all  winds. — rj,  R.  N.] 

In  the  year  1867,  the  South  Australian  Government  resolved  to 
send  an  expedition  to  the  northern  coast  of  Australia,  in  order  to 
discover  a  desimble  locality  for  a  settlement  in  their  noi*them 
territory,  in  place  of  that  which  they  had  established  at  Adam's 
Bay,  but  which,  on  account  of  its  being  found  unsuitable,  had  been 
abandoned,  and  all  the  residents  removed  the  year  before.  Being 
desirous  of  obtaining  some  information  concerning  the  physical 
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geography,  <fec.,  of  that  district,  I  joined  the  expedition,  which  was 
under  the  command  of  Captain  Cadell. 

The  expedition  started  in  a  screw  steamer  of  about  200  tons  from 
Sydney,  New  South  Wales,  in  the  beginning  of  April,  in  the  year 
1867,  calling  at  Brisbane,  Port  Denison,  Cleveland  Bay,  Cape  York, 
and  intervening  ports.  The  passage  for  more  than  1000  miles 
before  reaching  Cape  York,  having  the  great  barrier  reef  to  sea- 
ward, is  one  of  the  most  lovely  that  can  be  conceived,  being 
studded  by  a  perfect  labyrinth  of  islands  and  coral  islets  of  every 
conceivable  form  and  hue — some  like  mighty 'Cathedrals  with  their 
towers  and  spires,  others  like  domes  and  minarets. 

From  Cape  York  the  expedition  crossed  the  Gulf  of  Carpentaria 
to  the  Liverpool  River.  After  surveying  the  river  and  exploring 
the  coast  for  about  100  miles  east  and  west  of  it,  we  returned  for 
provisions  and  repairs  to  Burke  Town,  on  the  Albert  River,  at  the 
head  of  the  Gulf  of  Carpentaria,  passing  through  a  new  channel 
which  we  had  discovered  and  surveyed  (Cadell  Strait),  and  along 
the  west  coast  of  the  gulf,  remaining  some  'time  at  Maria  Island 
exploring  the  coast  in  the  neighbourhood,  end  lor  the  purpose  of 
trying  to  discover  the  entrance  to  the  Roper  River,  which  the 
explorer  Leichardt  had  crossed  in  the  interior  on  hissecond  last 
journey  across  the  continent,  and  had  described  in  such  glowing 
colours.  From  Burke  Town  the  expedition  returned  to  Maria 
Island,  and  on  this  occasion  discovered  the  entrance  to  the  Roper 
River,  the  Hnest  in  Australia.  Capt.  Cadell  and  I,  in  two  boats, 
ascended  the  river  for  about  30  miles.  From  the  Roper  the 
expedition  returned  to  Liverpool  River,  thence  westwards  to 
Mount  Norris  Bay,  Adam's  Bay,  and  Victoria  River,  in  search  of 
fuel,  food,  and  water;  but  failing  to  obtain  these  at  the  latter 
places,  the  expedition  had  to  make  for  Koepang,  in^the  Island  of 
Timor,  where  it  arrived  in  a  very  exhausted-condition  on  ^/he  19th 
November.  After  refitting,  it  returned  to  Sydney  via  Port  Denison 
and  other  Queensland'ports. 

Mountains. — As  a  rule  the  Australian  continent,  with  the  excep- 
tion of  the  Blue  Mountain  range,  extending  ifrom  north  to  south 
within  100  miles  of  the  east  coast,  is  destitute. of  mountains;  hence 
its  want  of  rivers,  and  the  consequent  sterility,  of  these  .parts  of  the 
interior,  the  want  of  forests,  and  the  great  irregularity  of  its  climate. 
The  tropical  coast  from  long.  125**  to  long.  145°  is  .no  exception. 
In  this  distance,  containing  about  1800  miles  of  coast  line,  there  is 
no  elevation  approaching  1000  feet  high  within  50  miles  of  the  sea. 
The  country  is  generally  of  a  scrubby  nature,  composed  for  the  most 
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part  of  sandstone,  with  a  bare  and  very  scanty  vegetation.  One  or 
two  peaks  of  moderate  elevation  were  seen  in  the  interior,  perfecstly 
devoid  of  vegetation. 

Zctkea  there  are  none,  though  there  are  swamps  in  some  of  the 
low-lying  districts,  making  progress  on  horseback  very  difficult. 

Rivera  are  numerous,  but  generally  small,  and  are  more  properly 
creeks  than  rivers;  as,  in  the  majority  of  those  which  we  explored, 
although  having  a  fine  entrance,  they  came,  after  a  very  circuitous 
route  through  flats  that  bore  marks  of  being  flooded,  and  that  with 
salt  water,  suddenly  to  a  termination  with  only  in  some  instances 
a  small  trickling  stream  of  fresh  water  running  in.  This,  it 
must  be  remembered,  was  in  the  dry  season,  after  some  months 
without  rain.  The  conclusion  was  that  these  creeks  were  simply 
the  water-courses  formed  by  the  very  heavy  rains  which  deluge  the 
country  in  the  wet  season.  There  are  rivers  to  which  the  above 
remarks  do  not  perhaps  apply.  One  or  two  fall  into  the  head  of  the 
Gulf  of  Carpentaria,  as  the  Albert  and  the  Norman,  and  oue  or  two 
others  which  traverse  an  extremely  flat  country,  called  "  the  Plains 
of  Promise,"  are  for  some  hundred  miles  but  littlie  more  than  water- 
courses in  the  dry  season.  These  rivers  are  navigable  for  small 
vessels  for  a  distance  of  about  30  miles  from  the  coast;  but  as  the 
coast  is  so  low,  and  the  water  of  the  gulf  shoals  so  gradually  that  at 
a  distance  of  7  miles  there  is  only  a  depth  of  2  fathoms,  and  no  land 
can  be  seen,  only  an  occasional  tree  top,  and  as  the  trees  are  very 
scarce  and  not  very  lofty,  vessels  have  great  difficulty  in  finding  the 
entrance  to  their  very  circuitous  channels.  The  consequence  is  that 
the  Queensland  Government  have  made  use  of  Sweer's  Island,  about 
30  miles  from  the  coast,  as  a  custom-house  station,  where  vessels 
can  ride  at  anchor  and  transfer  their  cargoes  for  the  Albert  or 
Norman  Rivers  into  smaller  vessels.  There  is  another  river  of  a 
very  diflerent  class,  the  Roper,  which  falls  into  Limmen's  Bight  on 
the  west  side  of  the  Gulf  of  Carpentaria,,  with  a  noble  entrance  and 
2  to  G  fathoms  of  watc^*  50  to  GO  miles  up.  Leichardt,  in  his  second 
expedition  across  the  continent,  discovered  this  river  in  the  interior, 
and  described  it  as  a  magnificent  sheet  of  waten  with  a  tide  of  4 
feet.  We  found  it  800  to  1000«  yards  wide^  with  4  to  10  fathoms 
water,  and  not  a  shoal,  snag,  os  obstruction,  of  any  kind.  There 
appears  to  be  no*  other  rivec  o£  any  conseqiience  till  we  reach  the 
Liverpool  on  the  north  ooast  It  has  a  fine  entrance  and  magnifi- 
cent sheltered  anchorage,  and  is  naxrigable  for  about  25  miles. 
There  were  indications  of  a  large  river  west  of  the  Liverpool,  but 
we  had  not  an  opportunity  of  examining  it.     Further  west  ia-  the 
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Alligator  Hiver,  down  which  Mr.  Mackinlay  and  his  party  made 
their  escape  from  the  interior  in  a  boat  made  from  the  hides  of  the 
horses  which  they  killed  for  the  purpose,  having  found  all  further 
progress  impossible.  Then  there  is  the  Adelaide,  a  pretty  large 
river,  near  which  was  the  former  settlement  of  Adam's  Bay.  Lastly, 
the  Victoria,  a  very  fine  river,  navigable  for  50  or  60  miles ;  but  at 
the  end  of  the  dry  season,  when  we  visited  it,  no  fresh  water  was  to 
be  had  in  all  that  distance. 

Tides, — I  made  attempts  to  unriddle  the  mystery  of  the  tides 
along  the  coast ;  but  as  our  greatest  philosophers  are  still  mucli 
puzzled  with  those  on  our  own  coast,  where  observations  have  been 
made  for  ages,  it  need  not  be  wondered  at  that  difficulties  should 
occur  on  an  unknown  coast,  amongst  a  labyrinth  of  islands. 

At  the  head  of  the  Gulf  of  Carpentaria  the  ebb  and  flow  occurred 
generally  once  every  twenty-four  hours :  this  was  the  case  during  the 
S.E.  monsoon,  which  was  blowing  when  we  were  there.  The  rise  and 
fall  was  about  4  feet  on  the  Albert  River ;  but  we  were  informed 
that  the  tides  were  very  iiTegular  and  much  higher  during  the 
N.W.  monsoon.  A  vessel  has  been  known  to  take  the  ground  at 
the  time  it  ought  to  have  been  high- water,  and  to  float  off  at  the 
proper  time  of  low-water.  Occasionally^also,  there  are  two  tides  in 
the  twenty-four  hours.  During  the  N.W.  monsoon  the  tides  are 
very  much  higher,  owing,  I  presume,  to  the  wind  being  up  the 
gulf.  At  the  Roper  River,  half-way  up  the  gulf,  the  tides  are 
regular  twice  every  twenty-four  hours,  with  a  rise  and  fall  of  10 
to  12  feet.  At  the  entrance  to  the  gulf,  at  the  Wessel  Islands,  the 
tidal  currents  are  very  strong,  and  with  a  rise  and  fall  of  15  feet. 
Through  the  strait  which  I  discovered  and  sounded  (the  Cadell 
Strait),  the  tidal  current  had  a  velocity  of  5  to  6  miles  an  hour. 
The  tides  on  the  Victoria  River  run  with  great  velocity,  with  a 
rise  and  fall  of  25  to  30  feet.  The  spring  tides  rush  up  through 
some  of  the  reaches  of  the  river  with  such  a.  velocity  as  to  cause  a 
bore,  the  rumbling  sound  of  which  we  heard  for  miles. 

Meteorology, — The  climate  of  thjB  district  divides  itself  naturally 
into  two  well-marked  seasons,  those  of  the  S.E.  and  N.W.  mon- 
soons, the  former  extending  generally  from  April  till  November, 
when  the  south-easterly  or  land  winds  prevsail,  and  consequently 
with  little  or  no  rain.  These  winds  aore  no  doubt  caused  by  the 
cooling  of  the  extensive  arid  Australian  plains,  consequent  on  the 
sun's  going  north.  The  cold  experienced  at  night  in  certain  seasons 
of  the  year  in  the  interior  on  its  treeless  plains,  even  within  the 
tropics,  is  \ery  great,  as  is  shewn  in  the  journals  of  different 
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explorers.  The  consequence  is,  that  from  April  till  September  the 
temperature  of  the  north  coast  is  generally  moderated  and  com- 
paratively pleasant — generally  a  cooling  breeze  prevails,  with  a 
serene  sky.  Hain  rarely  falls  during  this  period.  As  an  instance 
of  the  extreme  purity  of  "the  air,  I  may  mention  that  on  one  occa- 
sion, when  sitting  in  the  cabin  of  the  steamer,  and  looking  up 
through  the  open  skylight,  I  saw  the  planet  Venus  shining  bright 
and  clear  at  midday,  without  looking  for  her. 

During  the  remaining  four  or  five  months  the  moist  N.W.  wind 
blows  with  considerable  violence,  deluging  the  country  with  floods. 
As  our  visit  lasted  only  during  the  prevalence  of  the  S.E.  mon- 
soons, our  remarks  oidy  apply  to  that  season. 

The  excessive  irregularity  of  temperature  of  the  interior  does 
not  prevail  on  the  coast,  as  my  observations  attest,  the  maximum 
being  ,  and  the  minimum  — contrasting  marvellously  with 
the  excessive  high  temperatures  frequently  experienced  in  localities 
20*^  nearer  the  pole.  A  temperature  of  106®  in  the  shade  I  have 
experienced  in  Sydney,  and  higher  is  recorded  by  the  Government 
observer  there ;  and  at  Melbourne,  still  further  south,  110^  and  112^ 
is  frequently  recorded.  On  the  Darling  River  I  have  been  exposed 
to  an  unclouded  sky  for  ten  hours  at  a  stretch,  the  thermometer  in 
the  shade  regularly  never  less  thaui  Qd"*  and  sometimes  115**.  In 
Adelaide  the  Government  astronomer  has  registered  117°  in  the 
shade.  All  these  places  €u*e  situated  near  the  coast ;  but  in  the 
interior  much  higher  temperatures  have  been  recorded.  Captain 
Sturt,  in  one  of  his  expeditions,  experienced  a  shade  temperature 
of  131°  and  132°.  Before  leaving  on  our  return,  the  weather  was 
beginning  to  get  uncomfortably  hot.  In  the  Victoria  River  we 
were  cutting  firewood,  in  November,  in  the  direct  rays  of  the  sun, 
with  the  temperature  in  the  shade  ranging  from  95°  to  98°.  Dur- 
ing the  ten  days  we  lay  in  this  dreadful  fiver,  unfit  alike  for  man 
or  beast,  we  could  not  get  a  drop  of  fresh  water,  and  with  difficulty 
got  enough  firewood  to  take  us  to  Timor,  and  having  goue  in 
without  any,  had  immediately  to  commence  distilling  the  salt  water. 

Afler  leaving  Timor  in  the  early  part  of  December,  I  kept  a 
daily  record  df  the  temperature  of  the  Arafusa  Sea,  and  found  it  in 
one  particular  locality,  between  Timor  and  Australia,  to  have  the 
extraordinary  temperature  of  89*^,  90**,  and  even  91**; — so  warm 
that  bathing  in  it  was  uneomfortable. 

I  must  now  refer  to  the  atmospheric  pressure^  a  record  of  which  is 
exhibited.* 

*  No  record  was  left  except  in  the  JoumaL— J.  It  N. 
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It  will  be  noted  that  the  extreme  variation  from  day  to  dav  is 
very  small,  not  above  ,  and  the  regularity  of  the  diurnal  varia- 
tion veiy  marked. 

The  coast  is  subject  to  devastating  hurricanes,  the  season  for 
which  was  just  approaching  as  we  neared  Cape  York  returning. 

It  might  be  supposed  that  oa  a  coast  line  of  over  1000  miles, 
from  the  Gulf  of  Carpentaria  to  the  Victoria  River^  all  lying  in 
the  southern  tropics,  one  would  meet  with  something  of  what  he 
has  been  accustomed  to  read  of  as  tropical  scenery — luxurious  vege- 
tation, impenetrable  forests,  a  gorgeous  flora,  and  luscious  fruits. 
There  could  be  no  greater  mistake  committed.  The  spots  are 
extremely  rare  where  tropical  vegetation  exists.  In  some  of  the 
extropical  poHioni^  of  Australia  something  like  tropical  vegetation 
is  to  be  seen — in  the  Illawarra  district,  for  instance,  40  miles  S. 
of  Sydney,  where  we  find  forests  that  cannot  be  penetrated  without 
the  axe,  into  which  the  light  of  the  sun  cannot  penetrate,  com- 
posed of  noble  trees  with  vast  trunks  over  200  feet  in  height, 
endless  species  of  graceful  palms  with  stems  over  100  feet  high, 
tree  ferns,  and  rope  plants  festooning  the  forest  from  tree  to  tree. 

Dr.  Muller  has  told  us  of  the  mighty  Eucalypti,  420  feet  in 
height,  growing  on  the  banks  of  the  Yarra  Yarra,  near  Melbourne. 
Dr.  Hooker  and  many  others  have  made  us  acqucdnted  with  the 
gum  trees  of  Tasmania  over  50  feet  in  circumference  ;  but  nothing 
of  the  kind  is  to  be  seen  in  tropical  Australia  west  of  Carpentaria. 
The  vegetation  is  mean  and  stunted  in  the  extreme,  scarcely  in 
few  places  rising  above  the  rank  of  firewood.  Forests  there  are 
none.  Flowers  are  scarce.  Three  species  of  palms  have  been  dis- 
covered. The  prevailing  feature  of  most  of  the  rivers  and  coast  is 
the  mangrove  tree,  which  grows  on  the  muddy  banks  of  the  sea, 
constantly  flooded  by  the  tides*  In  fact,  it  appears  to  grow  only 
in  salt  water.  The  tree  that  predominates  most  after  the  mangrove 
is  the  pandanus,  or  screw  pine.  This  is  generally  found  in  marshy 
districts,  and  where  abundant  makes  riding  across  the  country 
very  unpleasant,  from  the  serrated  edges  of  the  long  leaves  lacer- 
ating the  face  and  arms.  A  few  stunted  pines  are  occasionally 
met  with,  and  a  good  many  species  of  Fictis  are  also  found,  but  none 
of  them  approaching  in  dimensions  their  gigantic  congeners  farther 
south.  Their  growth  appears  also  to  be  very  slow,  differing  also 
most  remarkably  from  those  of  the  same  genus  found  on  the 
eastern  slopes  of  the  Blue  Mountain  range,  as  the  following  instance 
will  prove: — In  the  year  1802,  Captain  Flinders  visited  the  Sweer's 
Island,  at  the  head  of  Carpentaria,  where  on  a  small  fig  tree  he 
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ciit  the  name  of  his  ship  "  Investigate "  in  large  letters  on  the 
bark,  with  the  date  of  his  visit.  Some  forty  years  later,  Captain 
Stokes  left  a  record  on  the  same  tree.  At  the  time  of  the  writer's 
visit  the  letters  cnt  out  seventy  years  ago  appeared  equally  distinct 
with  those  cut  out  at  the  later  date.  The  tree  is  not  above  25 
feet  in  height,  nor  the  stems  over  18  inches  in  diameter ;  and  as 
the  letters  are  about  6  or  7  inches  long,  cut  in  one  of  the  stems 
from  below  upwards,  it  would  appear  that  the  tree  has  grown  very 
little  since  Flinders'  visit.  This  is  the  more  refnarkable,  as  it  is 
not  uncommon  to  find  a  fence  which  has  been  nailed  to  a  tree,  in 
the  course  of  a  few  years  completely  enveloped,  not  only  by  tho 
bark,  but  also  by  the  solid  wood.  The  only  other  tree  which  we 
shall  notice  is  the  gouty-stem  tree,  found  near  the  Victoria  River. 
One  specimen  which  we  measured  was  about  35  feet  high,  with 
the  stem  swelling  out  like  a  bottle,  about  5  or  6  feet  from  the 
ground,  to  14  feet  in  circumference;  the  outer  bark  is  about  li 
inches  thick.  All  the  interior  is  formed  of  a  white  pith,  which  can 
be  cut  out  in  large  masses,  and  the  water  pressed  out,  forming  an 
agreeable  drink  in  a  country  where  at  times  not  a  drop  of  fresh 
water  is  to  be  had  for  perhaps  50  or  60  miles.  No  doubt  some 
present  know  the  botanical  name  of  this  tree ;  but  it  is  very  im- 
probable that  it  has  been  seen  by  half  a  dozen  people  in  this 
country,  as  we  think  it  has  never  been  raised  out  of  its  native 
habitat.  I  brought  some  of  the  seeds  to  the  Director  of  the  Sydney 
Botanic  Gardens  ;  but  ho  did  not  succeed  in  raising  them.  Before 
leaving  the  trees,  we  saw  some  very  fine  tamarind  trees  on  an  islet 
in  the  large  harbour  we  had  discovered  on  the  west  coast  of  Carpen- 
taria; but  as  these  were  the  only  ones  seen  by  us,  we  concluded 
that  they  had  been  grown  from  seeds  left  by  the  Malays,  near  an 
establishment  of  theirs  which  had  been  used  for  the  boiling  and 
preserving  of  Beche  de  Mer,  tamarind  trees  being  plentiful  in 
Timor.  , 

Among  aquatic  plants  seen  by  us  was  a  beautiful  blue  water 
lily,  which  is  very  common. 

We  also  saw  a  very  beautiful  climbing  fern  with  very  delicate 
fronds. 

It  is  one  of  the  unsolved  mysteries  connected  with  the  geogra- 
phical distribution  of  plants,  that  the  Australian  continent,  with 
its  three  jnillion  square  miles  of  area,  blessed  as  well  as  cursed 
with  every  conceivable  climate,  on  whose  soil  every  vegetable  pro- 
duction can  be  raised  to  perfection,  scarcely  produces  naturally  a 
Bingle  fruit  fit  for  the  food  of  man.     Yet  in  the  adjoining  islands 
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of  Timor  and  New  Guinea,  one  luxuriates  in  fruits  of  all  kinds — 
the  refreshing  cocoa-nut,  the  nutritive  banana,  the  luscious  mango, 
and  others  too  numerous  to  mention. 

Coral. — Besides  the  1100  miles  on  the  N.E,  coast,  formed  by  the 
great  barrier  reef,  coral  reefs  abound  all  along  the  coast  from  the 
head  of  the  Gulf  of  Carpentaria  to  the  Victoria  River.  At  high- 
water  a  few  green  jmtches  of  stunted  vegetation  may  be  seen  rising 
directly  out  of  the  sea,  and  surrounded  by  dark  rounded  knobs  of 
dirty  coral,  characteristically  called  "  Negro-heads,"  from  their 
resemblance  to  blacks  swimming. 

At  low-water  they  look,  if  possible,  worse,  from  the  extent  of 
dirty  coral  exposed  to  view.  They  do  not  improve  on  a  more 
intimate  acquaintance,  especially  if  that  is  in  the  shape  of  a  few 
hours  bumping  on  one  of  them  in  a  dark,  moonless  night,  as 
experienced  on  several  occasions  by  us.  However,  to  see  the 
beauty  of  the  coral  in  all  its  delicate  proportions,  one  must  sail 
over  a  shallow  sea  bottom,  as  at  Adam's  Bay,  where  the  whole 
surface  is  one  mass  of  the  purest  coral,  of  the  most  marvellorus 
beauty  and  tracery,  with  which  no  lacework  can  compare. 

The  Beche  de  Afer,  Trepang,  or  Sea  Slug,  is  a  very  disgusting- 
looking  animal,  abounding  all  along  the  north  coast  It  is  like  a 
large  black  snail  or  leech,  about  12  or  18  inches  long  and  2  inches 
diameter.  It  has  the  convenient  habit,  when  anything  disagrees 
with  it,  of  turning  its  stomach  inside  out  It  is  in  great  request 
by  the  Chinese  and  other  Eastern  nations  for  food.  It  is  collected 
by  the  Malays,  who  send  a  large  fleet  of  proahs  every  year  with 
the  N.W.  monsoon  to  collect  and  preserve  it,  the  fleet  returning 
with  the  S.E.  monsoon.  Evidence  of  the  visits  of  these  Malays 
was  found  almost  wherever  we  went,  in  harbours  and  coasts  never 
seen  by  Europeans  till  visited  by  ourselves.  In  one  of  these 
places,  besides  the  magnificent  tamarind  trees  referred  to  above, 
we  found  fire-places,  pots,  broken  pottery,  bamboo  canes,  &c.  The 
trade  was  in  existence  when  Flinders  visited  the  coast  seventy- 
three  years  ago,  and  it  is  still. 

MoequUoea, — The  mosquito  is,  pa/r  excellence^  the  greatest  curse 
with  which  this  north  coast  of  Australia  is  afiUcted.  They  are 
very  much  worse  in  some  places  than  in  others,  while  some  few 
favoured  places,  such  as  Sweer's  Island  in  Carpentaria,  Entrance 
Island  at  Liverpool  River,  and  Mount  Norris  Bay  appear  to  be 
almost  destitute  of  them.  The  native  blacks  sufler  as  much  from 
them  as  we  do,  and  of  course,  as  they  wear  no  clothes,  their  sting 
affects  them  more.     They  are  m  the  habit,  in  some  places,  of 
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covering  themselves  over  with  mud  to  protect  themselves ;  and  at 
one  place  we  found  they  had  erected  a  sort  of  scaffolding  with  a 
platform,  on  which  they  lay,  with  a  fire  beneath. 

Ants, — Two  species  which  we  saw  are  remarkable  for  the  size 
and  form  of  their  habitations.  The  largest  ant-hills  are  generally 
formed  of  a  reddish  earth,  rising  like  towers  and  spires,  and  form- 
ing a  very  remarkable  feature  in  the  landscape.  Some  of  them 
which  we  measured  were  over  18  feet  high  and  5  to  6  feet  diameter: 
these  are  in  general  found  in^  dry  soil ;  but  as  their  summits  tai>er 
to  a  point,  not  over  an  inch  or  two  in  diameter,  the  marvel  is  that 
they  resist  the  heavy  rains  to  which  they  are  subjected  in  the  wet 
season.  Another  species  constructs  its  habitation  of  an  elongated 
form,,  from  6  to  10  feet  high  and  1  to  2  feet  wide,  tapering  to  a 
thin  edge  at  top  ;.  but  these  are  always- of  a  greyish  material,  and 
found  invariably  in  mai'shy  or  swampy  ground ;  so  much  so  that 
we  have  frequently  had  our  horses  floundering  up  to  their  saddle- 
girths  alongside  of  these  ant-hills*  The  most  remarkable  feature 
of  their  construction/ — and  it  is  one  which  I  have  not  seen  noticed 
— is  that  they  all  lie  in  one  direction,  their  longer  axis  being 
parallel,  and  in  most  of  those  observed,  that  direction  deviated 
little  from  north  and  south.  This  gavo-the  country  the  appearance 
of  an^  immense  graveyard >  with  Titanic  headstones  all  looking  one 
way,  and  which  puzzled  me  a  good  deal.  1  could  not  conceive  that 
magnetism  had  anything  to-  do  with  their  direction.  I  then  thought 
the  prevailing  winds  might  have  something  to  do  with  it;  but 
these  winds  were  N.W.  and  S:E.  Latterly  it  has^  occurred  to  me, 
that  as  it  was  in  the  dry  season>  when  I  saw  them — and  even 
then  the  place  where  they  were  was  ar  marsh — in  the  wet  season 
these  marshes  would  be  running  rivers,  and  that  therefore  these 
ants  would  build  their  houses- with  the  thin  edge  to  the  current,  in 
the  same  way  as  an  engineer  builds  the  piers  of  a  bridge.  This 
theory  of  the  matter  also  gave  a  clue  to  the  cause  of  the  great 
height  of  these  wonderful  Babels,  to  which,  if  the  relative"  dimen- 
sions of  the  builders  of  each  be  compared,  the  Tower  of  Babel  or 
the  Pyramids  of  Egypt  are  as  molehills — the  object,  no  doubt, 
being  that  the  inhabitants  might  have  a  safe  retreat  when  the 
country  is  flooded.  There  is  another  species,  a  beautiful  green  ant, 
which  makes  its  nest  in  trees.  It  is  found  at  Port  Denison  all 
along  the  coast.  It  is  brought  very  prominently  and  painfully 
before  one's  notice  in  riding  through  the  bush.  If  one  happens  to 
come  against  a  branch  on  which  a  colony  of  these  ants  is  settled, 
one's  face  and  neck  become  smothered  with  them ;  and  as  his  horse 
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gets  his  nostrils  and  ears  filled  with  them,  and  is  not  in  the  most 
trluitable  mood,  requiring  all  one's  attention  to  manage  him,  the 
tiny  tormentors  have  time  to  devote  themselves  to  you. 

Fishes  are  very  plentiful,  and  of  considerable  variety.  The  greatest 
novelty  to  us  was  the  climbing  perch,  which  is  very  common  in  all 
the  rivers  and  mangroves  of  the  north  coast.  They  are  about  a 
foot  long,  and  climb  up  the  trees  that  grow  out  of  the  water.  Of 
•course,  they  cannot  go  up  vertical  stems,  but  they  waddle  up 
branches  inclined  to  the  horizon  at  considerable  speed ;  and  it  must 
be  confessed  that  the  sight  of  a  fish  up  a  tree  is  rather  a  comical 
sight,  but  it  is  common  enough  on  the  north  coast,  where  the 
phrase,  "  a  fish  out  of  water,"  cannot  be  employed  to  signify  some- 
thing out  of  its  element.  Then  some  fish  have  the  habit  of  running 
along  the  mud  banks  and  disappearing  in  holes,  burying  themselves 
in  them.  Sir  Emerson  Tennant,  I  think,  describes  the  same  fish  as 
an  inhabitant  of  Ceylon.  There  is  also  a  fish  found  in  some 
localities,  and  called  six-gun  brigs,  on  account  of  there  being  three 
circular  black  marks  on  each  side.  One  more  fish  I  shall  allude  to, 
viz.,  the  parrot  fish,  of  a  beautiful  green  colour,  and  a  beak  some- 
what like  a  parrot's.  It  is  about  18  inches  long,  and  the  rhythmic 
regularity  with  which  a  whole  shoal  of  them  will  leap  out  of  the 
water  at  the  same  instant,  and  descend  into  the  water  again  at  the 
same  instant,  travelling  along  in  a  continuous  succession  of  leaps  all 
in  line,  is  very  remarkable,  the  time  of  rise  and  fall  of  the  whole 
shoal  being  apparently  instantaneous.  It  was  something  like  the 
regularity  of  a  musical  band  obeying  the  baton  of  their  conductor. 

Beptiles. — The  first  place  must  be  given  to  the  aUigatar,  although 
whether  the  animal  to  which  we  have  given  this  name  be  an, 
alligator,  a  crocodile,  or  a  cayman,  I  am  not  prepared  to  say.  It 
abounds  in  every  river  along  the  coast,  floating  like  a  stick  in  the 
water,  with  nothing  but  its  two  green  eyes  and  a  few  of  its  serrated 
scales  visible,  perfectly  motionless,  or  basking  on  the  mud,  and  like 
a  snag  with  the  bark  on,  till  all  at  once  it  startles  the  passing 
traveller  by  shuffling  its  scaly  body  along  the  mud  into  the  water. 

Snakes  are  numerous.  They  are  eaten  by  the  natives,  one  of 
whom  I  saw  take  up  a  snake  about  6  feet  long,  and  before  it  was 
dead  take  a  bite  out  of  it  and  eat  it. 

The  igrmna,  also,  one  of  the  most  hideous  of  all  reptiles,  is  common 
and  also  eaten,  and  I  have  heard  its  meat  compared  to  chicken  by 
some  white  men  who  have  tasted  it. 

The  turtle  abounds  all  along  the  coast,  and  forms  an  excellent 
food.     A  turtle's  nest  with  50  or  60  eggs  in  it  is  considered  a  ^eat 
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"windfall  for  a  ship's  company.  Their  eggs  are  round,  and  of  the  size 
of  billiard  balls,  with  a  tough  skin. 

The  birds  are  the  most  numerous  class  of  animals  on  the  coast. 
At  Cape  York  they  are  particularly  remarkable  for  the  brilliancy 
and  gaiety  of  their  coloiirs. 

All  the  rivers  abound  in  dticksy  of  great  variety  of  size  and 
plumage,  and  excellent  for  food.  One  noticeable  feature  of  those 
in  the  regions  we  visited  is  that  they  all  perch  on  trees. 

If  possible,  the  cockatoos,  especially  the  white  species,  are  more 
numerous  than  the  ducks.  Flocks  of  20,000  to  50,000  are  at  times 
to  be  seen.  To  be  in  the  midst  of  such  a  flock,  as  I  was,  when  all 
are  screeching  at  once,  is  a  situation  not  to  be  envied.  Passing  over 
the  spoonbills,  ncUive  companions,  and  others  of  the  crane  tribe,  also 
the  emus,  which  are  common  in  every  part  of  Australia,  also  the 
pelican,  which,  though  so  awkward  in  its  walk,  is  one  of  the  most 
graceful  in  its  flight,  we  must  not  overlook  the  brent  tv/rkey,  which, 
though  not  peculiar  to  this  part  of  Australia,  we  mention  as  having 
come  across  one  of  the  most  uncommon  specimens  of  their  nesta 
that  I  have  heard  or  read  of.  Gould,  in  his  Birds  of  Australia^ 
gives  an  account  of  this  bird  and  its  habits.  It  forms  a  mound  of 
eai*th,  and  digs  a  hole  in  the  middle  of  2  to  3  feet  deep,  in  the  bottom 
of  which  it  drops  its  eggs  on  end,  some  30  or  40  in  number,  then 
covers  them  over  with  leaves,  when  the  heat  of  fermentation  brings 
them  to  maturity;  then  the  young  escape  from  the  shell  and  find  their 
way  out,  but  how  they  get  through  these  upper  leaves  is  what  I 
never  could  discover.  The  nest  to  which  I  refer  is  in  a  densely- 
wooded  part  of  the  coast,  without  undergrowth  or  jungle.  It  is 
dome-shaped,  with  a  hollow  in  the  top  about  5  feet  diameter ;  the 
mound  is  15  feet  high  and  56  paces  round  the  base.  But  it  must 
be  remembered  that  this  is  the  accumulation  of  years,  as  the  same 
nest  is  made  use  of  year  after  year,  each  year  adding  to  its  growth. 
Out  of  the  nest  are  growing  trees  of  half  a  century's  growth.  It  is 
situated  in  lat.  long.       ' ,  and  not  200  yards  from  the  beach,  so 

that  no  one  can  have  any  difficulty  in  finding  it,  and  it  is  not  likely 
to  have  been  disturbed  for  ages. 
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X. — On  the  Genesis  of  Atoms,   Worlds,  and  Sunspots, 


By  Henry  Muirhead,  M.D.,  Cambuslang. 


[Read  before  the  Society,  November  17,  1875.] 


Opposed  to  the  belief  that  worlds  have  been  produced  directly  from 
the  gradual  cooling  and  condensing  of  immense  nebulous  masses 
into  liquid,  and  subsequently  into  cooler  and  more  solid  globes,  I 
rather  take  the  view  that  they  grow  chiefly  from  the  accretion  of 
previously  aggregated  portions  of  meteoric  matter;  and  that  the 
impact  of  such  materials  will,  through  the  impulse  of  gravitating 
force,  get  to  be  more  forcible,  and  disengage  more  heat  the  larger  a 
world  grows.  Then,  on  this  hypothesis,  we  may  postulate,  as  a 
general  rule,  that  the  larger  a  world  becomes  it  will  become  the  hotter 
— ^as,  for  example,  Saturn,  Jupiter,  the  Sun,  under  Proctor's  view, 
always  supposing  the  quarry  plentiful,  and  that  each  predatory 
world  grows  in  the  ratio  of  its  power  of  swallowing.  This  leads 
me  to  the  hypothesis,  which  Waterston  started,  of  meteorites  falling 
into  the  sun  as  the  source  of  his  heat.  And  although  Sir  William 
Thomson  thinks  that  few  of  these  meteorites  come  from  extra- 
planetary  space,  or  even  from  outside  the  earth's  orbit,  still,  con- 
sidering that  visible  comets  do  so  come,  and  possibly,  or  rather 
probably,  lose  much  accompanying  matter  at  perihelion,  I  cannot 
see  why  other  trains  of  meteoric  matter  may  not  go  more  directly 
into  the  sun's  atmosphere,  as  star  showers  shew  that  they  do  into 
ours. 

Now,  it  appears  to  me  that  whenever  Jupiter,  in  his  journey 
round  the  sun,  passes  nearest  to  the  path  which  the  sun  will  have 
to  traverse  in  his  pilgrimage  towards  "  the  apex  of  \iliQ  f^o\«x  ^vj^^ 
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(about  R.A.  263°  44'  N.P.D.  60°),*  fewer  sunspots  make  their 
appearance  than  when  the  sun  in  his  solar  walk  marches  more 
ahead  of  Jupiter.  Witness  the  lists  given  in  the  ninth  edition  of 
the  Encyclopedia  Britannicay  vol.  iL  page  767,  where,  taking  the 
years  1830,  *41,  *53,  and  '65  as  the  years  when  Jupiter  has  the  same 
heliocentric  longitude  as  the  direction  of  the  sun's  proper  motion  in 
space,  or  as  the  years  in  which  Jupiter  passes  nearest  the  path  along 
which  the  sun  will  have  svJbsequenUy  to  pass,  and  comparing  them 
with  those  years  in  which  the  former  follows  more  in  the  wake  of 
the  sun,  the  difference  in  the  number  of  new  sunspots  appearing  is 
truly  very  conspicuous.  The  sun,  we  know,  is  always  advancing 
into  comparatively  untrodden  space  with  a  velocity  calculated  to 
amount  to  upwards  of  one  hundred  and  fifty  millions  of  miles  a 
year,  or  twelve  times  that  distance  in  Jupiter^s  period  (eleven  years 
and  ten  and  a  half  months),  and  likely  sweeps  up  most  of  the  stores 
of  meteoric  matter  accumulated  in  this  long-unvisited  waste,  unless 
he  be  forestalled  by  some  of  the  planets  which  circulate  round  him. 
I  imagine  that  of  the  meteoric  matter  which  has  concreted  or 
migrated  there  in  his  absence,  the  larger  ones  individually,  and  the 
smaller  ones  sometimes  aggregating  as  they  swing  into  him,  form 
and  shew  as  sunspots  until  they  are  vapourised,  or  at  least  melted, 
by  the  fierce  heat  generated  from  the  impact  of  these  and  innumer- 
ous  less  aggregated  portions  of  matter,  down  even  to  ether  itself. 
The  impingement  of  some  of  these  may  stir  up  jets ;  while  other 
prominences  may  arise  from  the  dissolving  of  the  meteorites  as  they 
melt,  the  flames  forming  the  sieiTa,  the  fumes  the  faculae.  Some  of 
the  denser  and  more  massive  bodies  plunging  somewhat  directly  and 

*  Let  8  represent  the  poeiiion  of  the  sun,  J,  Jupiter  at  R.  A.  263*  44',  X,  ^  the 
apex  of  the  solar  way,"  P,  the  pole  of  the  ecliptic,  and  J'SJ,  the  })lane  of  the 
ecliptic.    The  direction  of  the  arrows  represents  the  direction  in  which  the  sun 


Jt a! r  R.A  J26r44  ' 

J'  S  J 

travels,  taking  the  planets  along  with  him,  they  in  general  keeping  near  the 
plane  of  the  ecliptic.    If  the  arc,  SA,  represent  the  extent  of  influence  (in  the  di- 
rection of  the  BoUu*  path)  of  Jupiter  when  he  is  at  R.  A.  263**  44',  the  arc,  SB,  wil 
reprsKnt  a  like  area  of  influence  of  Jupiter  at  J',  the  opposite  point  of  his  orbit. 
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deeply  into  the  photosphere  will  account  for  Wilson's  view,  that 
most  of  the  spots  are  cavities  in  the  sun's  envelopes^  and  may  also 
account  for  our  failing  to  see  spots  in  very  high  solar  latitudes, 
supposing  that  some  occasionally  do  occur  near  the  sun's  apparent 
poles.  Jupiter,  when  in  advance  of  the  sun  and  in  the  neighbour- 
hood of  the  sun's  apicial  path,  is  some  three  hundred  millions  of 
miles  nearer  the  route  which  the  sun  has  to  travel  over  than  when 
he  is  in  the  opposite  portion  of  his  orbit.  So  it  appears  to  me  not 
unreasonable  to  suppose  that  in  the  former  district  he  gathers  up 
and  otherwise  influences  a  much  larger  amount  of  meteoric  matter, 
which,  but  for  his  presence  there,  would  pass  on  unimpeded  to  the 
sun,  than  he  will  be  able  to  anticipate  the  sun  in  securing  when  in 
the  opposite  quarter  of  his  course.  Thus  would  I  account  for  the 
paucity  of  sunspots  appearing  after  such  epochs.  In  reference  to 
the  other  planets,  they,  of  course,  interfere  also  in  proportion  to 
their  masses  and  situations.  As,  however,  Jupiter  weighs  more 
than  double  all  of  them  taken  together,  and  it  is  but  seldom  many 
of  them  act  together  in  this  direction,  we  may  leave  them  pretty 
much  out  of  count  during  the  last  fifty  years,  or  at  least  leave  that 
portion  of  the  question  to  abler  hands  than  mine.  I  leave  also  to 
astronomers  the  solution  of  the  problem  whether  Jupiter  may  not 
one  day  become  a  formidable  rival  to  the  sun,  in  consequence  of  his 
orbitation  giving  him  a  wider  range  of  hunting  ground.  Much,  I 
take  it,  will  depend  on  how  soon  the  sun  will  annex  the  planets 
circling  between  him  and  his  antagonist. 

Leaving,  then,  such  questions,  let  us  commence  our  examination 
into  the  variations  in  the  numbers  of  sunspots  with  the  year  1829, 
since  we  have  no  earlier  reliable  numerical  data  in  reference  to 
these  applicable  to  an  earlier  Jovian  epoch.  Well,  I  find  that 
about  the  middle  of  November — that  is,  near  the  end  of — 1829, 
Jupiter's  heliocentric  longitude  was  about  263°  44' ;  next  time  he 
passed  it  was  in  September  1841,  next  time  in  the  beginning  of 
August  1853,  and  last  time  about  June  10,  1865.  Now,  comets 
whose  aphelia  take  place  near  Jupiter's  path,  traverse  their  orbits 
in  little  less  or  more  than  five  or  six  years.  If  we  suppose  invisible 
meteoric  matter  to  approach  the  sun  at  about  the  same  average  rate 
of  speed,  or  somewhat  quicker,  we  may  allow  the  latter  about 
two  or  three  years  to  travel  from  Jupiter's  orbit  to  the  sun.  On 
this  supposition,  then,  it  will  be  about  two  or  three  years  after  the 
passage  of  Jupiter  across  the  relative  position  indicated,  that,  on  my 
hypothesis,  fewer  sunspots  should  be  observed  to  form,  because  of 
Jupiter's  intercepting  influence;   while,  on  the   other  hand,  tht 
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greatest  nnmbera  should  put  in  appearance  posterior  to  an  equal 
lapse  of  time  after  Jupiter'a  traversing  the  opposite  point  of  his 
orljit.  Well,  taking  the  olisri^atUiiL.s  of  Swabe  and  other  astro- 
nomers, given  in  the  lists  oamed  above,  and  hi-ip  .iimt-xed,  somotluiig 
very  like  this  order  appears  to  be  the  order  actually  followed : — 

Numbers  of  Now  Gronpa  of  Smupota. 


D&JTB 

vithont 
Spots. 


1827 

1828   .    . 

y  1829,  Nov.  le. 

1830 

1831 

1832 

1833  M 

1834  3 

1835  S- 

1636  £: 

1837  g. 

1838  r 

1839 

ISW 

li   18+1.  Se 

t24 

1S42 

1843 

1S44 

18*«  a? 

1846  1 

1847  1 

1848  Z. 

1849  ■ii" 

1850  1- 

1851  ■ 

1852 

It   1853,  Ang.  1.. 

^  1854 

1855 

1856 

1857  g 

1858  1 

1859  * 

1860^ 

1861  U 

1862?^ 

1863 

1864 

If  1865,  June  10, 

1866   .    . 

1867 

1868   8«  . 

1869')  3?  . 

1870' (a*  . 
1871' (  |0  . 

1872')  .6 

r  . 

Complete  Cycles 

P 
fa 
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Observe  how  few  are  the  new  groups  of  sunspots  which  have  been 
fioted  as  commencing  in  and  about  the  years  1833,  1843,  1855,  and 
18G7.  Next,  reckoning  the  period  of  Jupiter  from  the  end  of  1829 
till  the  beginning  of  1841,  let  us  take  the  years  1835,  '36,  '37,  and 
'38  as  those  years  in  which  Jupiter  is  in  the  wake  of  the  sun,  and 
two  or  three  years  after.  In  these  four  years  the  number  of  new 
groups  of  sunspots  noted  amounted  to  1060;  taking  the  other 
years  of  this  cycle,  we  get  only  821.  Then,  from  the  beginning  of 
1841  till  the  end  of  1852,  taking  the  years  '46,  '47,  '48,  and  '49, 
they  give  982; — taking  the  other  eight  years,  they  shew  822. 
Lastly,  from  the  end  of  1852r  till  the  end  of  1864,  taking  '5g,  '59, 
'60,  and  '61,  they  give  us  822  new  groups,  and  the  other  eight 
years  732.  It  is  true  that,  for  nearly  half  of  1865,  other  41  should 
be  added  to  the  cycle  that  ends  in  June  of  that  year,  and  25  for 
the  last  six  weeks  of  1829,  to  the  first  cycle.  Doing  this,  and 
adding  together  the  sums  of  all  these  23^  years,  we  get  2241, 
while  in  the  other  12  years  we  get  2864,  actually  423  new  groups 
more  in  about  half  the  time.  Of  course,  one  swallow  does  not 
make  a  summer,  nor  three  of  Jupiter's  cycles  suffice  to  settle 
this  question  ;  *  but  I  think  that  the  facts  are  sufficiently  striking 
to  justify  the  matter  being  brought  under  your  notice.  I  am 
afraid,  however,  that  I  can  not  plead  like  justification  for  what 
follows. 

Bub  before  leaving  this  subject,  it  is  requisite  that  I  notice  one 

*  Since  the  reading  of  my  paper,  the  third  volume  of  the  Encyclop,  BriU  has 
been  pnbUshed,  and  in  the  article  "Aurora"  there  is  included  a  chart  of 
Professor  Loomis's,  ''shewing  the  correspondence  of  aurorse,  magnetic  variations, 
and  sunspots."  It  exhibits  diagrammatically  the  maxima  and  minima,  of  sun- 
spots  for  a  period  extending  from  1776  till  1872.  Well,  if  we  commence  with 
1777  i,  being  the  first  maximum  shewn  in  the  chart,  and  take  the  next  seven 
in  order,  we  are  brought  to  18604,  exactly  83  years ;  or  commencing  with  the 
first  minimum,  the  one  which  occurred  in  1784,  and  reckoning  the  next  seven, 
the  last  brings  us  to  1867,  also  83  years,  corresponding  precisely  with  seven  of 
Jupiter's  periods,  which  amount  to  83  years  and  11}  days.  This  coincidence 
appears  a  considerable  corroboration  of  the  assumption  that  the  sunspot  cycle 
is  1 1  years  and  lO^  months. 

In  the  same  article  it  is  stated,  in  reference  to  aurorse,  that  "  there  are  two 
well-marked  annual  maxima  in  March  and  October,  and  two  minima  in  June 
and  January."  As  the  earth's  heUocentric  longitude  is  263}**  in  the  first  week 
in  June,  a  connection  therewith  and  these  perturbations  may  be  suspected. 

In  Nature f  voL  xiii.,  page  137,  there  is  a  notice  of  a  table  by  Father 
Secchi,  shewing  the  numbers  of  sunspots  from  April,  1871,  to  March,  1875, 
daring  which  time  there  has  occurred  a  constant  decrease.  On  my  hypothesis 
we  may  expect  the  decrement  to  go  on  till  some  two  years  after  Japiter*a 
pMsing  nearest  the  sun's  future  path  in  April,  1877. 
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serions  objection,  which  will  doubtless  be  urged  against  the  Tneteoric 
origin  of  sunspots — viz.,  That  it  is  absurd  to  imagine  that  th& 
prodigious  visible  effects  which  are  observed  connected  with  the- 
surface  of  the  sun  can  be  produced  by  such  puny  agents  as  the 
meteorites  which  can  possibly  impinge  against  the  solar  globe. 
T  reply,  that  as  we  are  only  just  beginning  to  wake  up  to  th& 
importance  of  meteoric  matter  in  our  system,  it  may  be  prudent  to 
suspend  our  judgment  a  little,  till  we  learn  somewliat  more  con- 
cerning the  sources  of  the  sun's  heat;  which  may,  after  all,  arise 
solely  from  the  same  agents  as  those  which  produce  sunspots, 
liowever  imported.  The  material  agents  of  both  phenomena  must 
^et  there,  or  have  got  there,  at  some  time  or  other,  and  why  not 
late  as  well  as  soon.  And  here  I  may  notice  that  I  imagine  a  good 
deal  of  matter  rebounds  off  from  the  sun  in  an  ethereal  condition,, 
conveying  the  motions  termed  light  and  heat,  though  it  may  not 
progress  quite  as  far  as  is  assumed  in  the  corpuscular  theory. 
Possibly,  if  the  complexedness  of  atoms  be  established,  the  undula- 
tory  theory  will  have  to  be  somewhat  modified. 

The  differences  in  the  periods  of  rotation  of  sunspots  in  different 
solar  latitudes,  lead  us  to  suspect  that  in  rotation,  or  inclination,  or 
more  likely  in  both  respects,  the  sun's  more  solid  internal  portion 
does  not  correspond  with  the  spotted  zones  we  see,  and  that  these 
zones  are  cloud-like  bands  analogous  to  those  of  Jupiter — but  hotter 
— and  set  in  motion  by  fche  same  agents — viz.,  the  meteoric  matter 
which  swings  into  them ;  different  zones  having  different  velocities^ 
in  consequence  of  being  subjected  to  different  propulsions  and 
frictions,  from  the  meteoric  matter  exteriorly  and  the  sun's  ker- 
nel interiorly.  Jupiter's  spots  probably  have  a  similar  origin, 
while  many  of  the  meteorites  going  to  Saturn  likely  join  his  rings, 
in  the  first  instance,  before  they  finally  join  himself. 

If  we  suppose,  also,  that  the  more  solid  portion  of  the  sun  rotates 
on  its  axis  once  in  25f  days,  this  will  correspond  to  Broun's  baro- 
metric period. 

/  know  of  no  mode  of  lieating  a  body  except  by  pushing  it,  and 
no  push  can  take  place  without  more  or  fewer  of  the  motants- 
engaged  being  driven  into  the  mode  of  activity  termed  ther- 
mal, and,  it  may  be,  other  modes,  as  magnetic,  <Src.  If  the 
pushing  process  be  sudden  and  violent,  we  call  it  percussion;  if 
minute  and  lacerating,  friction ;  ethereal  transmission  we  call 
radiation,  &c.  Well,  bodies  we  know  get  heated  by  percussion,  by 
being  violently  struck  by  motants — as,  for  instance,  by  the  solar 
«y8,  by  particles  set  in  motion  by  detonations,  and  by  other  ham- 
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meringa  and  frictionB  from  aii^r  instruments  whatsoever.  Thermal 
motion  thus  set  up  in  a  body  spreads  from  the  hotter  to  the  colder 
portions  hj  the  comparatively  slow  method  called  conduction,  or  by 
the  more  rapid  process  termed  combustion ;  and  if  the  combustive 
process  be  excessively  rapid,  it  comes  to  be  called  explosion.  The 
latter  two— that  is,  the  combustive  operations — liberate  the  com- 
bustibles'  largely  stored  internal  or  intermolecular  motions,  which 
in  turn,  by  innumerable  minute  explosions,  immediately  assist  in 
extending  the  combustive  movements  as  long  as  there  are  similar 
little  magazines  of  explosives  left  to  feed  the  flaming  or  explosive 
operation.  We  know  that  the  action  of  the  sun's  rays  can  set<up 
these  combustive  processes  in  some  substances  much  more  readily 
than  in  others — as  in  phosphorus,  sulphur,  and  carbon,  rather  than 
in  the  denser  metallic  bodies.  This  may,  in  some  measure,  account 
for  the  different  appearances  exhibited  by  comets;  and  we  may 
advance  a  step  ^rther,  and  hazard  the  conjecture  that  many  bodies, 
massive  enough  and  near  enough  to  be  visible  as  comets,  are  not 
so  seen,  because  they  are  chiefly  composed  of  materials  which  the 
son's  rays  and  other  motants  that  they  come  in  contact  with  in  their 
courses  are  unable  to  strike  ablaze.  If  this  conjecture  be  provision- 
ally accepted — and  our  own  meteorites  lend  some  countenance  to  the 
notion — we  may  follow  it  up  by  supposing  that  the  less  inflammable,, 
and  for  that  reason,  invisible,  meteoric  masses — inasmuch  as  they  do 
not  readily  vapourise — fall  more  or  less  undecomposed  into  the  sun's 
lake  of  fire,  producing  sunspots;  and  spectroscopic  lines,  magnetic 
and  meteorological  disturbances,  in  consequence  of  the  liberation  of 
motants  from  the  molecules'  and  atoms'  constituents.  Correspondent 
with  this  notion,  the  presence  of  a  good  many  metals  has  already 
been  detected  in  the  sun's  atmosphere,  whilst  the  more  easily  in- 
flammable substances — phosphorus,  sulphur,  and  carbon — have  not 
been  detected  there  yet. 

As  the  sun  and  Jupiter  resemble  in  many  respects,  let  us  suppose 
that  the  former  like  the  latter  (apparently)  has  his  axis  of  rotation 
nearly  at  right  angles  to  the  plane  of  his  orbit,  and  that  along  this. 
solar  walk  he  has  bowled  for  billions  of  years ;  that  comets  and 
other  meteoric  bodies  meeting  him  in  his  path  have,  in  a  large 
d^^ree,  fallen  more  or  less  directly  into  him,  increasing  his  bulk  and 
feeding  his  flame ;  and  that  some  of  these  bodies  failing  to  be  thus 
directly  captured  by  the  sun,  travelled  round  him, first  as  comets  with 
eccentric  orbits,  gradually,  however,  becoming  less  and  less  eccentric, 
and  so  gradually  settling  down  to  what  are  now  planets.  More- 
over, matter  still  continuing  to  come  across  the  ever  shifting  solar 
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area,  as  the  solar  system  continually  travelled  into  long  untravelled 
«pace,  part  of  this  matter  went  to  the  planetary  bodies,  to  swell 
their  globes  and  to  form  their  atmospheres,  rings,  and  moons,  the 
aun,  however,  then  as  now  taking  the  lion*s  share. 

It  is  possible,  and  I  think  probable,  that  the  asteroids  were  for- 
merly  comets,  and  owe  their  present  orbitation  mainly  to  the  influ- 
ence which  Jupiter  has  exerted  over  them  as  they  passed  near  him. 
For  aught  that  we  know,  multitudes  of  like  bodies  may  circulate 
external  to  Jupiter  and  to  each  of  the  superior  planets  (Bode's  law, 
notwithstanding).*  Had  there  been  a  large  planet  like  Saturn 
formed  instead  of  Mars  in  the  latter's  orbit,  or  farther  off*,  I  think 
it  not  improbable  that  it  would  have  absorbed  most  of  the  asteroids 
to  swell  its  bulk,  or  form  moons  and  perhaps  rings  and  cloudlike 
bands.  The  courses  of  the  moons  of  Uranus  and  Neptune  may  also 
lead  us  towards  the  belief  that  all  moons  have  had  a  like  meteoric 
origin.  If  our  moon,  instead  of  conglobing,  had  formed  and  moved 
as  a  broad  meteoric  band  extending  all  round  her  orbit,  she  would 
have  been  for  us  a  ring  like  one  of  Saturn's. 

The  hypothesis  of  worlds  getting  hotter  the  faster  and  larger 
they  grow  is  opposed  to  the  nebular  theory ;  and  most  scientific 
men  think  that  the  internal  heat  of  our  globe  lends  some  colour  of 
truth  to  the  latter  notion,  since  it  is  largely  accepted  as  a  fact  that 
the  deeper  we  dig  into  the  earth's  crust,  as  it  is  called,  the  hotter 
we  find  it.  For  my  own  part,  I  imagine  that  this  augmented 
temperature  is  derived  from  seismic  and  volcanic  localities,  and  has 
little  or  nothing  to  do  with  central  heat.  No  two  localities  agree 
in  the  ratios  of  temperatures  found  in  boring  and  mining  down. 
There  ought  to  be  something  like  approximation  if  the  heat  comes 
from  the  earth's  centre.  The  deepest  that  we  get  into  the  bowels 
of  the  earth  is  in  the  depths  of  the  ocean;  but,  except  where  we  get 
near  seismic  regions,  it  is  decidedly  chilly  down  there,  instead  of 
approximating  to  temperate,  as  we  might  have  expected,  considering 
the  amount  of  heat  assumed  still  to  exist  interiorly.    Let  those  who 

*  Bode^s  law  appears  to  me  of  no  more  importance  than  if  I  threw  down  a 
dozen  marbles,  and  finding  them  arranged  in  certain  groups  and  orders,  I  stated 
8uch  order,  or  pointed  oat,  in  reference  to  Kepler's  third  law,  that  if  we  take 
Mars  and  the  Asteroids  as  the  centre  of  the  solar  system,  then  the  planets  are  so 
arranged  on  each  side  that  the  quotients  decrease  in  the  order  in  which  the 
masses  of  the  planets  increase—e.^., 


Mercury  =133-422. 
Venus  =  133-413. 
TheEarth=133  408. 


Uranus  =133*421. 
Neptune  a  133*405. 
Saturn  » 133*401. 
Jupiter   ^133*294. 
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object  to  this  view  try  a  bore  far  from  any  known  earthquake  or 
volcano.  Could  we  bring  up  matter  quickly  from  the  earth's  centre 
to  the  surface,  I  do  not  think  it  would  exhibit  the  phenomena  of 
excessive  heat,  but  rather  those  of  excessive  cold — like  carbonic  acid 
when  suddenly  solidified  on  escaping  from  compression.  Matter 
from  the  centre  of  the  sun  would  exhibit,  I  imagine,  similar  action. 
It  may  be  urged  that  the  cometic  origin  which  I  assign  to  planets 
goes  to  support  the  theory  that  these  globes  are  hot  within,  since 
comets  are  certainly  supposed  to  be  hot  enough  before  they  become 
planets.  But  comets  only  get  hot  when  in  their  eccentric  orbits 
they  are  near  perihelion.  They  lose  their  augmented  heat  as  they 
recede  firom  the  primary,  and  fail  to  get  it  again,  as  their  orbits 
cease  to  be  eccentric.  Besides,  the  cometary  hypothesis  is  very 
different  from  the  theory  of  a  vast  luminous  hot  nebular  mass 
filling  the  whole  area  of  the  solar  or  other  star  system,  and  throwing 
off  condensed  portions  as  it  cools  externally. 

Another  guess:  I  do  not  know  whether  or  not  it  is  originaL 
When  the  sun  circling  round  his  primary  comes  to  his  nearer  apsis, 
we  may  suppose  that  his  augmented  velocity  will  bring  him  and  his 
attendants  more  violently  in  contact  with  more  travelling  matter, 
and  therefore  kindle  more  heat  in  him  and  his  satellites.  This  may 
be  a  cause  of  some  of  the  hotter  periods  of  our  globe,  as  the  slower 
motion  at  the  fai*ther  apsis  may  account  for  some  of  the  glacial 
periods  of  geologists.  The  sun  ranges  now  as  a  yellow  star.  It 
may  have  been  a  ruddy  star  at  the  farther  apsis,  and  may  become  a 
white  and  bluish  one  at  the  nearer  apsis,  like  some  binary  stars, 
and  for  the  same  reason.  When  astronomers  can  calculate  the 
sun's  period  of  orbitation,  we  may  perhaps  approach  to  something 
like  approximation  in  regard  to  the  earth's  later  geological  history, 
but  very  little  nearer  in  reference  to  earth's  earlier  inhabitants. 
For  my  own  part,  I  imagine  that  life  existed  on  earth  almost  as 
early  as  the  earth  existed  itself.  At  least,  that  it  is  not  at  all 
unlikely  that  some  form  of  living  being  moved  on  the  face  of  the 
earth  when  our  globe  was  not  much  bigger  than  Britain  is  now. 
Nor  do  I  confine  evolution  or  variation  to  elevation,  though  I 
scarcely  imagine  that  life  commenced  with  the  more  complex  forms; 
and  probably  it  was  preceded  by  some  of  the  semi-organic  modes  of 
motion  included  under  crystallisation. 

As  to  the  formation  of  worlds  directly  from  immense  systems  of 
luminous  gas,  such  as  nebulse  have  been  supposed  to  be,  I  do  not 
believe  in  the  probability  thereof.  If  a  comet's  tail,  one  hundred 
and  twenty  millions  of  miles  long,  condensed,  would  weigh  but  a 


60  Philosojphical  Society  of  Glasgmc. 

few  ounces,  it  would  require  a  handsome  nebula  to  form  a  large 
boulder.  I  am  not  denying  its  ability  to  condense,  but  we  should 
not  call  a  large  boulder  a  world.  It  would  be  termed  a  meteorite, 
such  as  occasionally  half  buries  itself  in  our  earth,  or  fedling  into 
the  sun  helps  to  form  sunspots  and  increase  his  size.  I  imagine 
that  it  is  by  the  accretion  of  ether,  atoms,  and  masses  that  worlds 
grow.  I  do  not  think  that  the  largest  nebulous  mass  condenses 
directly  to  form  a  globe  the  size  of  Jupiter,  so  think  it  is  absurd 
to  imagine  it  forming  our  sun  and  his  attendants,  and  yet  leaving 
the  myriads  of  meteoric  bodies  still  circulating  with  them.  Millions 
of  meteorites  are  daily  added  to  the  worlds  of  our  system.  I  am 
not  aware  of  many  nebulse  joining  our  company.  It  may  be 
answered,  "  Why,  they  are  forming  systems  for  themselves,  and 
actually  can  be  observed  hatching  them."  I  do  not,  however,  know 
that  any  of  the  brood  have  been  observed  coming  out,  and  I  am. 
afraid  that  I  cannot  wait  long  enough  in  this  world  to  be  convinced 
on  this  point  But  further,  if  nebulae  be  luminous  gas,  whence  do 
they  get  the  energy  they  expend  in  lighting  the  universe  ]  If  light 
which  can  girdle  our  earth  many  times  in  a  second,  may  take 
60,000  years  to  reach  Boss's  telescope  from  a  nebula,  what  an 
infinitesimal  portion  of  that  nebula's  light  goes  into  that  telescope  ? 
Whence,  then,  I  ask  again,  comes  the  energy  which,  shaking  ether 
600,000,000,000,000  times  in  a  second,  operates  for  thousands  of 
years  to  produce  this  practically  infinite  amount  of  motion,  through- 
out an  almost  infinite  amount  of  ether  %  The  energy  of  gravitation 
acting  on  glowing  gas  billions  of  miles  from  any  sun  cannot  be 
reckoned  very  powerful,  and  so  cannot  reasonably  be  deemed  the 
efficient  cause  of  such  a  blaze,  even  were  it  acting  in  such  direction. 
Not  that  I  believe  in  such  an  absurd  notion  as  that  each  and  every 
atom  of  our  earth,  by  some  unexplainable  means,  drag  at  each  and 
every  atom  of  this  distant  gas ;  and  that  each  and  every  atom  of 
nebulae  equally  distant  on  the  opposite  side  of  us  do  the  same 
thing.  This  would  be  somewhat  equivalent  to  their  acting  by  non- 
physical  means,  nearly  across  all  space,  in  all  directions,  in  no  time. 
Even  if  the  infiuence  travelled  as  quickly  as  light  does,  120,000 
years  would  be  consumed  in  sending  a  telegram,  and  as  long  a  time 
in  getting  a  return,  though  the  letters  might  cross.  If  the  matter 
seen  really  be  glowing  gas,  as  spectroscopists  assure  iia  it  is,  then  I 
should  imagine  that  the  immediate  work  of  the  operation  going  on 
is  the  genesis  of  atoms,  not  the  production  of  worlds.  That  is  to 
say,  that  some  mode,  or  rather  modes,  of  motion  are  set  on  foot^ 
producing  from  the  combination  of  units  of  ether  atoms  of  hydro- 
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gen,  nitrogen,  &c.;  and  that  after  atoms  have  been  generated,  then 
these  eomposite  bodies  gravitating  may  go  to  produce  comets  and 
other  meteoric  agglomerations — that  is,  fragmentary  and  infant 
worlds.  I  have  long  been  of  opinion  that  the  most  probable 
hypothesis  as  to  the  origin  of  atoms  is,  that  there  is  only  one  kind 
of  matter — ether  or  its  constituents — ^and'that  atoms  are  merely 
congeries  of  units  of  ether  circling  at  enormous  speed  round  each 
other,  differently  groux)ed,  in  different  numbers,  at  different  velo- 
cities, and  at  different  distances,  even  as  the  different  members  of 
our  sun-systems.  So  that  we  have  congeries  of  ether-units  forming 
atoms,  congeries  of  atoms  forming  molecules,  congeries  of  molecules 
forming  masses,  congeries  of  masses  forming  worlds,  congeries  of 
worlds  forming  systems,  congeries  of  systems  forming  the  universe 
to  which  we  belong — some  people  further  reckoning  congeries  of 
Tiniverses,  such  as  the  one  composing  the  Milky  Way — ^to  form  all 
those  inhabiting  space. 

If  we  assign  atmospheres  to  the  atoms,  from  the  peripheral  units 
being  less  densely  aggregated,  their  rotations  will  account  for  the 
repulsive  force  of  atoms  and  molecules,  and  why  heat  is  extricated 
in  consequence  of  condensations,  chemical  or  other. 

[The  following  is  an  abstract  of  the  remainder  of  the  paper.] 

If  we  suppose  each  atom  of  hydrogen  composed  of  a  thousand 
units  of  ether,  we  may  assign  to  oxygen  about  sixteen  thousands, 
carbon  twelve,  and  so  on.  These  amounts  will  not  appear  so  extra- 
vagant if  we  call  to  mind  the  number  of  undulatory  movements 
required  in  a  second  to  excite  sensations  of  colour  in  us.*  The  num- 
ber of  units  in  each  similar  atom  need  not  be  always  the  same — a 
few  dozens  more  or  less  will  not  be  appreciable  by  us.  On  the 
other  hand,  however,  if  a  so-called  element  shew  a  plurality  of 
spectroscopic  lines  or  hues,  I  do  not  think  it  at  all  doubtful  that 
there  is  a  plurality  of  units  moving  to  produce  these,  since  they 
thus  shew  effects  of  different  modes  of  moving  of  motant  bodies. 
All  our  different  states  of  sensal  consciousness  of  colours  are  neces- 
sarily dependent  on  differences  in  the  modes  of  moving  of  the  agents 
that  excite  in  us  such  plurality  of  lines  or  hues.  As  the  motions  of 
atoms,  or  rather  of  groups  of  atoms,  excite  in  us  sensations  of  sound, 
so  the  motions  of  units,  or  rather  of  groups  of  units,  excite  in  us 
sensations  of  colour,  and  of  course  of  the  lower  pitched  movements 
of  heat.  Then,  again,  we  may  hold  that  the  more  lines  that  persist 
•  From  458,000,000,000,000  to  727,000,000,000,000. 
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in  an  electric  spark  or  sun,  the  less  easily  reducible  are  the  portions 
of  the  elements,  shewing  them  as  far  as  these  lines'  constituents  are 
concerned. 

If  it  be  asked  whence  comes  motion  primarily]  it  may  be  assumed 
that  it  came  from  the  same  source  as  matter,  and  at  the  same  time. 
All  motion  of  matter  is  direct,  or  axial,  or  something  between.  If 
we  assume  that  all  units  of  matter  had  for  their  first  mode  of  motion 
axial  rotation — rotating  far  fjeister  than  ether  is  held  to  undulate — 
and  that  even  one  unit  wandered  as  far  from  its  natal  spot  as  to 
touch  its  next  neighbour,  then  to  the  interferences  of  units  with  each 
other,  their  reboundings,  groupings,  and  disgroupings,  we  may  trace 
the"  genesis  and  behaviour  of  all  bodies  and  processes  which  have 
ever  had  being  physically.  Nothing  could  be  produced  without  in- 
terference, and  nothing  could  interfere  except  by  pushing  its  neigh- 
bour. The  larger  and  more  expeditious  currents  we  call  gravitation. 
Its  matter,  like  other  matter,  is  elbowing  for  room,  and  following 
the  paths  of  least  resistance  in  the  mighty  cyclone  we  call  the  Milky 
Way.  For  postulating  the  existence  of  moving  matter,  we  are  free 
to  imagine  star  systems  to  be  vast  cosmical  cyclones,  and  that  suns^ 
planets,  satellites,  <S:c.,  are  merely  pellets  of  dust  circling  in  each 
mighty  whirling  maze.  Our  sun's  system,  among  others,  destined, 
it  may  be  myriads  of  ages  hence,  to  be  again  disintegrated  to  form 
portions  of  other  systems  when  we  shift  from  near  the  centre  to 
near  the  circumference  of  the  cosmical  cyclone  we  call  the  galacteal 
universe.  Round  its  circumference  we  are  probably  constantly 
taking  in  or  throwing  out  matter,  or  doing  both  ;  and  so  likewise  of 
each  mass  of  matter  large  or  small.  I  do  not  think  it  at  all  impro- 
bable that  a  like  process  is  going  on  even  among  atoms  of  metals 
and  metalloids ;  and  although  physicists  generally  regard  an  atom 
as  absolutely  indestructible,  I  incline  to  the  opinion  that,  like 
systems  and  worlds,  they  are  constantly  being  modified,  but  that 
we  cannot  detect  the  modifications  by  direct  observation. 

While  the  hypothesis  of  shifting  pressures  may  perhaps  furnish  a 
clue  to  the  mysteries  of  the  genesis  and  variations  of  magnetism, 
which  the  theory  of  attraction  has  hitherto  failed  to  supply,  and  a 
source  is  indicated  whence  the  energy  expended  in  the  work  of  the 
universe  is  drawn,  I  may  add,  in  conclusion,  that  I  hold  it  neither 
unreasonable  nor  unscientific  to  infer  that  what  we  know  to  be  the 
rule  with  matter,  wherever  appreciable  by  us,  is  likely  also  to  be 
the  rule  where  it  is  inappreciable,  on  account  either  of  its  minute- 
ness or  of  its  magnitude. 
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University.     By  Professor  W.  Ditthab. 


[Eeid  before  the  Chemical  Section  of  the  Society,  January  17,  1876.] 


I. — Notes  on  Aqueous  Alcohols.    By  Messrs.  W.  Dittmab' 

and  D.  R.  Steuart. 

Ik  the  course  of  an  investigation  on  the  vapour-tensions  and  other 
physical  properties  of  allyl  alcohol  and  ortho-propyl  alcohol,  which 
we  started  some  time  ago,  we  were  led  to  study  somewhat 
minutely  the  comportment  on  distillation  of  aqueous  allyl  alcohol^ 
and  the  results  we  arrived  at  induced  us  to  extend  our  experiments 
to  aqueous  methyl  and  ethyl  alcohols. 

It  is  the  results  of  this  collateral  inquiry  which  we  beg,  in  this 
paper,  to  lay  before  the  Society. 

Allyl  Alcohol, — For  the  preparation  of  this  alcohol  we  employed 
a  method  which,  as  will  be  seen,  differed  from  the  one  given  by 
Tollens  only  in  the  means  adopted  for  the  puriBcation  of  the  crude 
product.  500  grammes  of  glycerine,  125  grammes  of  crystallised 
oxalic  acid,  1  gramme  of  sal-ammoniac,  and  1  gramme  of  common 
salt  were  mixed  and  subjected  to  slow  distillation  out  of  a  retort^ 
the  fraction  coming  over  between  195^  and  260®  being  taken  as 
containing  the  allyl  alcohol.  In  accordance  with  Tollens'  directions, 
small  additional  quantities  of  sal-ammoniac  were  added,  whenever, 
after  the  temperature  had  risen  to  210^  to  215^,  the  characteristic 
allyl-alcohol  streaks  in  the  neck  of  the  retort  failed  to  present 
themselves. 

The  fraction  named  was  rendered  alkaline  with  caustic  soda 
and  boiled  at  an  inverted  condenser,  small  additional  quantities 
of  the  alkali  being  introduced  from  time  to  time,  so  as  to  main- 
tain  an  alkaline  reaction — and  this  operation  continued  until  the 
mixture  remained  alkaline  after  several  hours  boiling.  The  acids 
originally  present  as  such,  or  as  esters,  having  thus  been  rendered 
non-volatile,  the  mixture  was  distilled,  and  from  the  distillate  the 
aUyl  alcohol  separated  out  by  fractional  distillation  and  treatment 
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of  the  proper  fractions  with  dry  carbonate  of  potash.  The  crude 
alcohol  thus  obtained  is  contaminated  mainly  with  water  and 
acroleine.  To  remove  the  latter  impurity,  Tollens  recommends 
treatment  with  dry  caustic  potash  and  distillation  of  the  decanted 
liquid.  This  method  however,  somehow  or  other,  in  our  hands 
would  not  work  satisfactorily;  besides,  from  Mr.  Tollens'  experi- 
ences regarding  the  action  of  caustic  alkali  on  allyl  alcohol,  we 
were  afraid  that  the  reagent,  while  removing  the  acroleine,  might 
perhaps  cause  the  formation  of  ortho-propyl  alcohol.  We  therefore 
preferred  to  eliminate  the  acroleine  by  means  of  acid  sulphite  of 
soda. 

The  crude  alcohol  accordingly  was  added  to  a  concentrated 
Holution  of  this  reagent  (the  acid  sulphite  out  of  50  grammes  of 
crystallised  neutral  sulphite  being  used  for  210  grammes  of  the 
crude  alcohol),  the  two  liquids,  which  refused  to  mix,  left  in  contact 
with  each  other  over  night,  and  then  heated  at  an  inverted  con- 
denser for  two  hours.  The  mass  was  then  distilled,  the  free 
sulphurous  acid  in  the  distillate  supersaturated  with  caustic  soda, 
the  alcohol  eliminated  by  means  of  carbonate  of  potash,  and  the 
5  per  cent,  or  so  of  water  which  this  reagent  is  unable  to  remove, 
eliminated  by  repeated  distillation  over  powdered  quicklime.  These 
distillations  were  continued  until  the  specific  gravity  of  the  alcohol 
became  constant.  The  constant  value  observed  was  0*8576  at  15^ 
<water  of  15^6  =  1). 

In  order  to  see  if  this  alcohol  really  was  pure,  we  subjected  it 
to  distillation  out  of  an  apparatus  which  was  constructed  so  that 
the  vapours  before  reaching  the  condenser  had  to  pass  through  an 
ascending  tube,  kept  at  95^  to  95^5  by  means  of  a  water  bath, 
and  continued  the  distillation  until  one-third  had  passed  over. 
The  residue,  when  fractionated  in  the  ordinary  manner,  passed 
over  between  96«*  and  96^5.  We  set  aside  the  fraction  96^2 
to  96*^5,  as  being  probably  a  pretty  fair  approximation  to 
the  ideal  substance.  Water,  under  precisely  the  same  circum- 
stances as  the  fraction  referred  to,  boiled  at  the  temperature 
corresponding  to  the  point  99^*5  of  the  thermometer  used. 
Hence,  the  corrected  boiling  point  of  our  alcohol  may  be  set 
down  at  J(96-2  +  96-5)  +  0-5  =  96^9  ±  0*2.  Tollens,*  in  hisjinai  de- 
termination, found  97^0  for  a  barometric  pressure  of  760mm.  The 
specific  gravity  of  our  alcohol  we  found  to  be  0*8569  at  15°5  (water 
of  15^5  =  1),  while  the  interpolation  formula  given  by  Tollens  for 

•  JahrtOericht  for  1870,  p.  456. 
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the  calculation  of  the  relative  volumes  of  allyl  alcohol  at  different 
temperatures  shews  that  his  alcohol,  at  15^5,  must  have  had  the 
specific  gravity  0-8587,  which,  considering  that  this  is  an  inter- 
polated number,  agrees  satisfactorily  with  our  determination.* 

In  the  course  of  our  attempts  to  pass  from  a  nearly  anhydrous 
to  really  absolute  allyl  alcohol,  we  were  struck  by  the  obstinacy 
with  which  this  alcohol  retains  the  last  remnant  of  water,  and  more 


TABLE  I. 


Percentaice 

Specific 

Boiling 

of  added 

Gravity 

commences 

Water. 

at  15*. 

at 

Degrees. 

0 

•8580 

95  5 

2 

-8618 

93 

4 

-8664 

91-5 

6 

•8702 

90 

8 

•8742 

89-5 

10 

•  •• 

89 

12 

•  •  • 

89 

14 

•  •  • 

88 

16 

•  •• 

87-5 

18 

•  •• 

88 

20 

•  ■  • 

87-5 

22 

•  •• 

87-6 

24* 

•9035 

87-3 

30 

•  ■  • 

87-5 

40 

1  •• 

87-5 

50 

••• 

87-5 

60 

••• 

87 

More 

than  95 

•  ■  • 

87-5 

Boiling  Points  during  Distillation. 


Becomes  stationary  at  96 ;  then  rises 

to 

Rises  rapidly  at  first;  then  slowly  to 
Rises  rapidly  at  first;  then  slowly  to 
Rises  gradually  at  first;  then  slowly 

to 

Rises  gradually  at  first;  then  slowly 

to 

Rises   slowly  at   first;   then   more 

rapidly  to 

Rises  slowly  at   first ;   then   more 

rapidly  to 

Slowiy  from  88  to  91 ;  then  fast  to   . 

Stationary  at  88 ;  i  over  below  89    . 

J  over  below  89-6 

I  over  below  88*5;  }  below  90 

Rises  slowly 

I  over  below  88 ;  f  distil  at  88 

I  over  below  87  9 ;  J  87*9 

^  over  below  87  '9;  ^o  distil  between 

87-9  to  881 

i  over  below  90;  then  rises  fast  to  . 
I  over  below  91 ;  then  rises  gradnally 

to 

Rises  rapidly  to  95;  then  very  slowly 
to 


Last 

drops  over 

at 


Degrees. 

96-2 

96 

96 

96 

96 

96 

96 
95 
95 
? 
93-5 

88-4 
87-9 

95 
99 

991 


99-5 


*  True  percentage  of  water  —  24*i. 

fltill  by  the  observation  that  the  boiling  point  rose  as  the  dehydration 
progressed.  This  latter  observation  suggested  a  series  of  distillation 
experiments  with  synthetically  prepared  aqueous  alcohols  of  known 

*  We  have  also  determined  the  expansion  of  our  alcohol  by  heat  for  a  con- 
siderable range  of  temx>eratures,  but  refrain  from  giving  our  numbers,  as  we 
intend  to  postpone  the  final  determination  of  the  physical  constants  until  we 
ahaU  have  succeeded  in  obtaining  a  preparation  which,  when  tested  by  vapour* 
tension  determinations,  proves  homogeneous. 
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strengtlis.  In  these  experiments  the  aqueous  alcohol  in  each  case 
was  subjected  to  fractional  distillation  out  of  a  flask  provided  with 
a  lateral  exit-tube,  the  thermometer  bulb  being  kept  in  the  vapour^ 
and  pretty  close  to,  though  fairly  out  of  reach  o^  the  boiling  liquid. 
The  results  are  recorded  in  Table  I.  The  percentages  of  water 
given  refer  to  the  water  added  to  the  original  alcohol,  which,  as. 
will  be  seen  from  the  specific  gravity  given,  contained  already  0*5 
per  cent,  (about)  of  water. 

From  these  numbers  it  appears  that  there  must  be  a  certain 
aqueous  alcohol,  C3H5.OH  ^plB-^O  (where  ^  is  an  unknown  number 
situated  between  1  and  |^)*  which,  under  the  ordinary  barometric 
pressure,  boils  constant  at  a  certain  temperature  not  far  removed 
from  88*^,  and  that  all  aqueous  allyl  alcohols  behave  on  distillation 
as  if  they  were  mixtures  of  this  pseudo-hydrate  and  water  or  allyl 
alcohol.  There  is,  of  course,  no  need  of  our  assuming  the  actual 
existence  of  such  a  hydrate  as  a  chemical  individual,  the  less  so  as 
Pierre  and  Puchot  some  years  ago  found  that  even  amyl  alcohol 
and  water — i.  e.,  two  liquids  which  do  not  mix,  but  float  the  one 
upon  the  other  as  separate  layers,  when  subjected  to  simultaneous 
distillation  out  of  the  same  retort  behave  in  an  exactly  analogous 
manner. 

Our  results  aflbrd  a  natural  explai^tion  for  the  fact  that  Tollens 
in  his  earlier  papers  gives  the  boiling  point  of  allyl  alcohol  as  being 
90**  to  92**.  What  he  worked  with  at  that  time  must  have  contained 
about  5  per  cent,  of  water.  Should  not  the  very  low  numbers 
found  by  earlier  observers  for  the  boiling  point  of 

Methyl  Alcohol,  as  well  as  the  very  low  value  (58®6)  observed 
lately  by  Dupr^,  for  what  seems  to  have  been  a  very  carefully 
prepared  specimen,  be  traceable  to  a  similar  cause  ? 

To  throw  some  light  upon  this  question,  we  decided  upon  carrying 
out  a  series  of  experiments  with  methyl  alcohol,  which,  through  the 
kindness  of  Dr.  Crum  Brown  (who  placed  at  our  disposal  a  quantity 
of  pure  methyl  alcohol,  made  of  oxalate,  according  to  Wohler),  w© 
were  enabled  to  do  with  comparatively  little  expense  of  time  and 
trouble.  Dr.  Brown's  alcohol,  when  distilled  over  quicklime, 
suffered  only  a  very  slight  decrease  in  specific  gravity,  we  therefore 
assumed  the  distillate  [which  had  the  specific  gravity  0*7981  at 
15°4  (water  of  15°6  =  1)]  to  be  anhydrous.  The  results  are  given 
in  the  following  table : — 

'  C.HeO  HjO  corwspoDd.  to  23-7|       ^4.  ^  ^^^^ 
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TABLE  n. — Methyl  Alcohol. 
Water  boiled  at  99^  daring  the  experiment*  (readings  uncorrected). 


Percentage 
of  Water. 

Boiling 
oommenoee. 

Boiling  Point. 

0 

24 

5 

74 
36 

Degrees. 
641 
64-9 
65-5 

66-0 
69-0 

64*1,  rising  at  the  end  to  64*5. 

At  65  stationary;  below  65*2,  4  over;  below  65*5,  f  over. 

Gradually  rising  throaghoat;  nnder  66,  ^  over;  under 

66*2,  i  over;  under  67 '5,  }  over. 
Rising;  under  67,  4  over;  under  68,  |  over. 
Rising  fast;  under  72,  4  over;  under  76,  i  over. 

A  glance  at  these  numbers  shews  that  if  there  is  an  aqueous 
methyl  alcohol  which  boils  lower  than  the  alcohol  itself,  its  per- 
centage must  lie  yery  close  to  100;  apart  from  this  possibility 
aqueous  methyl  alcohol  may  be  said  to  boil  the  higher  the  greater 
its  percentage  of  water.  The  boiling  point  of  pure  methyl  alcohol, 
according  to  our  observations,  is  65°1 — 1.6.,  0°9  less  than  the  gene- 
rally adopted  value  of  66°.  Dupr^'s  alcohol  must  have  been  largely 
contaminated  with  acetone. 

Uthyl  AlcohoL — The  material  which  we  used  for  our  experiments 
on  aqueous  ethyl  alcohol  was  a  pure  absolute  alcohol  of  commerce. 
Por  the  synthetical  preparation  of  the  aqueous  alcohols  this  prepara- 
tion was  used,  either  as  it  was  or  after  partial  or  total  dehydration 
by  distillation  over  quicklime,  the  strength  of  the  alcohol  being 
in  each  case  ascertained  by  a  determination  of  the  specific  gravity. 


TABLE  III. 


Pereentage 
of  Water. 

Boiling 
commences. 

Boiling  Point. 

0 

24 
5 

64 

Si 
28 
70 

Degrees. 

77-7 
77-4 
77-4 

77-5 

77-5 

78-0 

80-0 

77*7  throughout. 

Stationary  at  77*4;  rising  when  }  are  over  to  77*5. 

Under  77*5,  i  over;  stationary  a  little  77 '5,  then  rising 

slowly;  under  77*7,  4  over. 
Under  77*7  I  over;  77-7  to  77*8, }  pass  over;  at  77'8,f  pass 

over;  {  left  in  retort. 
77*7  stationary,  J  over;  under  77*8,  4  over;  under  78,  f 

over;  rising  fast  at  last  to  79*5. 
Rising  fast  to  79;  stationary  and  rising  slowly  to  80,  4 

over;  under  82,  }  over;  under  83,  J  over;  92  at  last. 
Rising  fast,  getting  slower  at  90,  when  i  is  over;  under 

95, 1  over;  under  99,  {  over. 
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The  alcohol  counted  absolute  had  the  specific  gravity  0*7943  at 
15°4  (water  of  IS^'S  =  1). 

The  first  series  of  experiments  was  conducted  pretty  much  in  the 
same  manner  as  the  previous  ones  with  methyl  and  allyl  alcohol. 
The  results  are  given  in  the  preceding  table. 

From  these  numbers  it  appears  that  the  boiling  point  of  all 
aqueous  alcohols  containing  less  than  28  per  cent,  of  water  lies 
within  the  narrow  range  of  from  77°4  to  78°0,  and  that  the  mini- 
mum corresponds  to  about  5  per  cent,  of  water.  This  is  quite  in 
agreement  with  an  old  observation  of  Sommering's,*  according  to 
which,  when  an  almost  absolute  alcohol  is  distilled,  the  distillate  is 
weaker  and  the  residue  stronger  than  the  original  mixture. 

After  having  satisfied  ourselves  that  the  boiling-point  curve  of 
aqueous  ethyl  alcohols  has  a  minimum  somewhere,  we  considered  it 
worth  while  to  try  and  ascertain  its  precise  course  by  a  series  of 
exact  experiments. 

For  this  purpose  we  constructed  a  distillation  apparatus,  which 
was  such  that  it  conveniently  accommodated  300  grammes  of  boiling 
alcohol,  and  that  the  vapours  were  recondensed  and  sent  back  into 
the  flask.  The  thermometer  used  was  a  standard  instrument  of 
Geissler's,  in  Bonn,  which  gave  tenths  of  degrees  directly,  and  conse- 
quently allowed  of  the  reading  of  hundredths  of  degrees.  And  in 
order  to  fully  discount  the  exactness  of  this  instrument,  the  flask  was 
provided  with  a  shifbable  neck,  which  was  long  enough  to  enable  one 
to  plunge  the  whole  of  the  mercurial  column  into  the  vapour,  and 
ivhich,  being  connected  with  the  flask  by  means  of  an  india-rubber 
joint  on  the  stuffing-box  principle,  made  it  possible  to  always  assign 
to  the  bulb  of  the  thermometer  what  appeared  to  be  the  most  con- 
venient position.  The  reading  off*  to  one  one-hundredth  of  a  degree 
would  of  course  have  been  purely  illusory,  if  we  had  not  taken  into 
account  the  possibility  of  variations  in  the  atmospheric  pressure 
during  the  progress  of  even  one  series  of  experiments;  and  the  best 
mode  of  doing  so  seemed  to  us  to  keep  in  readiness  an  apparatus 
which,  at  a  moment's  notice,  enabled  us  to  take  out  the  thermo- 
meter and  observe  its  reading  of  the  boiling  point  of  water.  The 
modtia  operandi  was  this : — Starting  with  a  known  weight  of  alcohol 
of  exactly  known  strength,  we^determined  its  boiling  point.  The 
thermometer  was  then  drawn  out  and  inserted  into  the  steam-bath, 
and  its  reading  taken  down.  By  this  time  the  alcohol  had  cooled 
down  sufficiently  to  allow  of  the  safe  introduction,  through  the 

*  This  important  observation  is  entirely  ignored  both  by  the  English,  and  by 
the  second  and  third  edition  of  the  German  Dictionary  of  Chemistry. 
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thermometer  hole>  of  a  measured  quantity  of  water.  This  being 
done,  the  boiling  point  of  the  dilute  alcohol  was  determined ;  and  so 
we  went  on  until  the  volume  of  the  liquid  threatened  to  increase 
beyond  a  convenient  limit.  At  the  termination  of  a  series  of  ex- 
periments we  took  care  to  deterinine  the  weight  of  the  aqueous 
alcohol  contained  in  the  flask  and  its  specific  gravity,  when  it  was 
always  found  that  both  values  agreed  more  nearly  than  would  have 
been  necessary  for  our  purpose  with  the  calctdated  numbers. 

Three  series  of  experiments  were  executed  in  this  manner;  the 
residts  are  found  in  the  following  table : — 

TABLE  IV.     (Boiling  Points  Corrected.) 

Firti  Series. — Weight  of  Initial  Alcohol,  157*8  grammes.  Water  boiled  at 
99^*76,  99**75,  99**74,  during  the  experiments— mean  99^75.  Correction 
made  on  thermometer  readings  is  addition  of  0*25. 


L 

n. 

III 

I 

Water  added 

Percentage  of 

BoiuvG  PonjT 

inalL 

Water. 

In  Vapour. 

In  Liquid. 

Degreei. 

Degrees. 

0 

013 

78-69 

•  •  • 

1-43 

1-00 

78-63 

78-94 

30 

200 

78-47 

78-88  to  78-92  osciUating. 

47 

314 

78-45 

78-78  to  78-82 

6*41 

4-23 

78-45 

78-85  to  78-95 

811 

6-31 

78-45 

78-92 

100 

6-51 

78-52 

79-00  to  7910 

11-8 

7-65 

78-49 

78-94  to  78-95 

13-8 

8-93 

78-56 

78-75  to  78-78 

15  7 

1012 

78-60 

78-90  to  78-95 

17-7 

11-39 

78-65 

7910  to  7916 

Second  Series, — Weight  of  Initial  Alcohol,  260  grammes. 

Water  boiled  at  100**. 


•       L 

IL 

UL 

Water  added 

Percentage  of 

Boiling  Point  in 

in  all. 

Water. 

Vapour. 

Degrees. 

0 

1-80 

78-49 

7-9 

4-81 

78-40 

29 

12-00 

78-66 

43 

16-21 

78-91 

67 

20-02 

79-22 

82 

26-04 

79-70 

105 

30-83 

80  07 

132 

35-73 

80-40 
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Third  Series.-^'W&glit  of  Initial  Alcohol,  150  grammes.    Water  boiled  at 
99^96.    Thermometer  readings  corrected  by  adding  0^04 


L 

IL 

m. 

rv. 

Water  added 

Percentage  of 

BOIUKQ  POQIT                                               1 

inalL 

Water. 

In  Vapour. 

In  liquid. 

Degrees. 

Degrees. 

0 

35-73 

80-26 

••• 

108 

40  05 

80-69 

82-34  to  82-74 

it 

ft 

80-66 

81-34 

25-4 

45-04 

80-79 

81-79 

43  0 

49-74 

81  14 

8219  to  82-24 

64-4 

55  03 

81-59  to  81-69 

82-74 

91-2 

60-03 

81-84  to  81-89 

83-34 

125-5 

65  00 

82-44 

83-89 

Fourth  Series, — Water  boiled  at  99^95.    Correction  made  on  thermometer 

readings :  addition  of  0''05. 


n. 

Percentage  of 
Water. 


78-5 


III. 


BoiLiKO  Point 


In  Yapour. 


Degrees. 
84-25  to  84-30 


IV. 


In  Liquid. 


Degrees. 
86-95 


Fifth  Series. — 128  grammes  of  Alcohol,  containing  78'5  per  cent,  of  water,  were 
taken  and  water  added.  Thermometer  at  99^99.  Ck)rrection  made  by 
adding  0^01  to  thermometer  readings. 


I. 

Water  added 
inalL 


51-3 
90 
268-9 


II. 

Percentage  of 
Water. 


m.  rv. 

BonJNO  Point 


In  Vapour. 


84-65 
87-37 
9307 


Degrees. 
86-00 
88-81 
91-51  to  92-31 


In  Liquid. 


Degrees. 
89-46 

91-91  to  921 
95-21  to  95-31 


II. — On  Perbromic  Acid.    By  Mr.  R.  W.  E.  Macivor, 

In  1863,  Hermann  Kammerer  published  what  appeared  to  be  two 
valuable  contributions  to  our  knowledge  of  the  reactions  of  bromine, 
namely — First,  the  observation  that  hypochlorous  acid,  when  treated 
with  bromine  in  presence  of  water,  is  decomposed  with  formation  of 
bromic  acid;  and,  secondly,  the  observation  that  bromine,  when 
added  to  perchloric  acid,  simply  eliminates  the  chlorine  with 
formation  of  perbromic  acid. 
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If  these  two  reactions  are  viewed  in  the  light  of  Thomson's 
ihermo-diiemical  researches  on  the  oxygen  acids  of  the  halogens,  the 
first  appears  almost  impossible,  while  the  second,  to  say  the  least, 
does  not  look  very  highly  probable. 

But  as  we  know  jiothing  as  yet  of  the  heat  disturbance  involved 
in  the  formation  of  perchloric  acid  even,  the  second  of  Kammerer's 
reactions  might,  after  all,  be  true,  and  I  therefore  some  months  ago 
caused  Mr.  Macivor  to  try  and  realise  it.  Mr.  Macivor  accordingly 
made  a  quantity  of  Rosooe's  oily  perchloric  acid  hydrate,  mixed  30 
grammes  of  it  with  68  grammes  of  bromine  and  heated  the  mixture 
on  a  water  bath.  There  was  no  apparent  reaction ;  the  bromine,  as 
£ftr  as  could  be  seen,  simply  distilled  over.  The  residue  left  after 
expulsion  of  all  the  free  bromine  was  neutralised  with  potash,  when 
it  gave  a  very  large  crystalline  precipitate.  This  salt,  when  deoxy- 
genated  by  heating,  furnished  a  residue  of  pure  chloride,  free  from 
every  trace  of  bromide. 

Hence  perbromic  acid,  although  it  would  be  rash  to  say  that  it 
does  not  exist,  certainly  cannot  be  obtained  by  Elammerer's  process. 

III. — On  a  New  Method  op  Assaying  Chrome  Iron  Ore. 

By  Mr.  W.  Dittmab. 

What  is  new  in  my  method  is  the  method  of  disintegration,  which 
is  founded  upon  two  facts,  which,  I  believe,  have  not  hitherto  been 
known,  viz. — First,  the  feict  that  powdered  chrome  ore  is  easily  dis- 
solved, not  only,  as  everybody  knows,  by  fused  borax,  but  also  by 
a  ready-made  flux  obtained  by  fusing  together  borax  with  an  excess 
of  alkaline  carbonate ;  and  that,  secondly,  the  thus  formed  mixture, 
when  kept  in  a  state  of  fusion  in  contact  with  air,  readily  absorbs 
oxygen  with  conversion  of  the  whole  of  the  chromium  into  alkaline 
•chromate. 

The  modus  operandi  which  I  have  adopted  is  as  follows : — Two 
parts  of  borax  glass  are  fused  together  with  three  parts  of  the  mix- 
ture NaKCO,  in  a  platinum  crucible,  until  the  eliminated  carbonic 
acid  is  completely  expelled,  the  mass  poured  out  into  a  large 
platinum  basin,  allowed  to  cool  and  bottled  up  for  use.  To  disin- 
tegrate an  ore,  fuse  a  half  gramme  of  it  with  5  to  6  grammes  of  the 
flux  in  a  covered  crucible  over  a  Bunsen's  lamp,  and  maintain  a 
dull  red  heat  for  about  Ave  minutes.  Now  open  the  crucible,  lay 
it  slantingly  on  the  triangle,  and  while  maintaining  the  highest 
temperature  attainable  with  a  Bunsen's  lamp,  stir  up  the  mixture 
with  a  platinum  wire  until  the  ore  is  completely  dissolved.     This 
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being  accomplished,  continue  heating  the  fused  mass  in  presence  of 
air  for  about  half  to  three-quarters  of  an  hour.  Then  allow  to  cool ; 
digest  the  fused  mass  in  water  until  it  is  completely  disintegrated, 
heat  on  a  water  bath,  with  addition  of  a  few  drops  of  alcohol  (to 
reduce  any  manganic  acid  that  may  be  present),  and  after  having 
evaporated  away  the  alcohol,  filter  and  wash  the  residue  with  hot 
water.  The  filtrate  contains  the  whole  of  the  chromium  as  chro- 
mate,  which  is  most  conveniently  determined  by  an  inversion  of 
the  well-known  process  of  Penny  and  Schabus  for  the  determination 
of  ferrosum.  The  form  in  which  I  prefer  to  execute  this  titration 
is  to  dissolve  a  known  weight  of  metallic  iron  in  hot  dilute  sul- 
phuric acid,  to  cool  down  the  solution  as  rapidly  as  possible,  to  add 
the  previously  acidified  chromate,  and  then  to  titrate  back  with  a 
standard  solution  of  bichromate  of  potash. 

I  have  applied  this  process  a  good  many  times,  and  always  found 
it  to  completely  disintegrate  the  ore  in  one  operation,  and  when 
applied  repeatedly  to  identical  samples,  to  give  perfectly  constant 
resxdts.  I  never  saw  two  analyses  of  the  same  ore  differ  from  each 
other  by  more  than  0*3  in  the  percentage  of  oxide  of  chromium.  I 
have  satisfied  myself  by  special  experiments,  that  none  of  the 
chromium  which  is  once  dissolved  remains  unoxidised  (i.e.,  is  ob- 
tained ultimately  as  chromt^  instead  of  chromate),  and  that  the 
insoluble  basic  borates  obtained  in  treating  the  fused  mass  with 
water,  when  dissolved  in  dilute  sulphuric  acid,  yield  a  solution 
which  is  free  from  chromium.  But  this  solution  invariably  con- 
tains something  else,  which,  as  I  never  saw  my  crucibles  visibly 
attacked  through  the  fusion  process,  I  did  not  expect  to  find — 
namely,  a  very  appreciable  quantity  of  platinic  salt.  It  is  on 
account  of  this  constituent  that  it  is  not  admissible  to  simplify 
the  process  by  dissolving  the  whole  of  the  fused  mass,  en  hiocy  in 
dilute  acid,  and  applying  the  titration  process  to  this  solution. 

Among  the  great  number  of  other  processes  for  the  disintegration 
of  chrome  ore  which  have  hitherto  been  proposed,  there  is  only  one 
— namely,  the  well-known  process  of  Dr.  Clark — which,  like  mine, 
furnishes  the  chromium  in  a  form  in  which  it  can  be  determined,  as 
it  is,  by  titration.  But  there  is  one  little  difficulty  in  Dr.  Clark's 
process  which  I  have  not  been  able  to  overcoma  It  consists  in 
this,  that  it  always  leads  to  the  formation  of  a  brown  substance 
insoluble  in  water,  which  contains  oxide  of  platinum,  and  which,  if 
the  sulphuric  solution  of  the  mass  is  subjected  to  titration,  of  course 
oxidises  its  equivalent  of  ferrosum,  and  thus  leads  to  a  positive 
error.     This  substance,  it  is  true,  can  be  removed  by  treatment  of 
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the  mass  with  water  and  filtration.  But,  then,  a  small  portion,  at 
least,  of  the  chromic  acid  remains  behind  with  the  basic  oxides,  and 
thus  escapes  determination.  According  to  a  few  experiments  which 
I  have  made,  this  source  of  error  can  be  avoided  by  substituting 
dry  carbonate  for  the  hydrate  of  soda  in  the  disintegrating  mixture. 
Only  in  this  case,  according  to  my  experiments,  it  is  scarcely 
possible  to  disintegrate  an  ore  completely  in  one  operation. 


Discussion  on  Professor  Dittmar's  Paper. 

Dr.  Clark  thought  that  Professor  Dittmar  had  used  too  high  a 
temperature,  otherwise  there  could  not  have  been  any  platinum 
dissolved  from  the  crucible,  for  in  working  his  process  himself,  he 
did  not  meet  with  any  appreciable  quantity- of  platinum.  Nor  did 
he  understand  how  the  oxidisation  could  be  completed  in  so  short 
a  time,  seeing  that  the  mass  was  perfectly  fused,  and  not  in  the 
spongy  condition  as  in  Dr.  Clark's  process. 
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Xn. — On  $ome  Modem  Theories  of  the  Nature  and  Origin  oj 
Life,  regarded  in  Physiological  Aspect  By  Eben.  Watson, 
A.M.,  M.D.,  Professor  of  Institutes  of  Medicine  in  tlie 
Andersonian  University. 


[Read  before  the  Society,  January  26, 1876.] 


In  every  age  the  inquiry  into  the  nature  and  origin  of  life  has  been 
a  favourite  one  with  physiologists,  and,  indeed,  with  all  thoughtful 
men.  The  phenomena  of  life  are  so  wonderful  in  themselves,  and 
so  unlike  those  of  inanimate  objects,  that  the  problem  seems  almost 
forced  on  the  student  of  Nature  at  the  very  outset  of  his  studies  ; 
and  the  great  value  of  life  to  ourselves  enormously  increases  the 
importance  of  the  investigation.  But  quite  a  new  interest  has  been 
excited  in  this  part  of  physiology  by  the  host  of  semi-popular 
essays  and  addresses  upon  it  which  have  lately  been  given  to  the 
public,  and  of  which  the  tendency  has,  in  many  cases,  been  not  only 
contrary  to  the  previously  received  teachings  of  science,  but  also  at 
variance  with  some  of  the  most  cherished  beliefs  of  mankind. 

I  shall  not  now  occupy  time  with  a  review  of  the  life-theories  of 
the  ancients,  which,  however  curious  and  interesting  to  the  student 
of  antiquity,  are  quite  unworthy  of  serious  consideration  in  a  philo- 
sophical point  of  view ;  but,  confining  myself  to  our  own  times,  I 
shall  attempt  to  state  briefly,  and  as  much  as  possible  in  their 
own  words,  the  recently  propounded  theories  of  Huxley,  Tyndall, 
Bastian,  and  Beale. 

1.  Professor  Huxley,  in  his  seventh  lay  sermon,  as  well  as  else- 
where in  his  numerous  writings,  tells  his  readers  that  ''protoplasm" 
is  the  matter  or  basis  of  life ;  that  life  is  not  a  something  superadded 
to  matter,  but  that  it  depends  on  the  nature  and  arrangement  of 
the  molecules  composing  its  substance.  In  short,  "  just  as  aquosity 
depends  on  the  molecular  constitution  of  water,  so  does  life  depend 
on  that  of  protoplasm.''  Again,  he  tells  his  hearers,  ^'  the  thoughts 
to  which  I  am  now  giving  utterance,  and  your  thoughts  regarding 
them,  are  the  expression  of  molecular  changes  in  that  matter  of  life 
which  is  the  source  of  aU  our  other  vital  phenomena."     He  thus» 
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you  will  perceLTOy  identifies  mind  and  body,  and  declares  both  to  be 
mecbanical. 

Finally,  as  to  the  origin  of  life,  he  informs  us  that  all  living 
things  have  come  from  ^'a  primal  nebulosity ''  by  the  spontaneous 
interaction  of  the  molecules.  ''  The  existing  world/'  he  is  fond  of 
asserting,  "  lay  potentially  in  the  cosmic  vapour." 

But  how,  it  may  be  asked,  did  life  originate  in  the  cosmic 
vapour?  The  Professor  answers,  that  protoplasm  consists  of  cer- 
tain lifeless  elements,  such  as  C,  H,  O,  and  N,  and  that  these 
lifeless  elements,  when  aggregated  together,  "under  certain  con- 
ditions" exhibit  the  phenomena  of  life.  Of  course  he  gives  us  to 
understand  that  these  certain  conditions  existed  in  the  cosmic 
Tapour,  and  that  there  the  requisite  aggregation  of  molecules  took 
place. 

2.  Professor  Tyndall,^  in  his  famous  presidential  address  to  the 
British  Association  at  Belfast,  declares  that  ''  prolonging  his  vision 
backward  across  the  boundary  of  experimental  evidence,  he  dis- 
covers in  matter  the  promise  and  potency  of  every  form  and  quality 
of  life."  The  animal  body,  according  to  him,  is  just  as  much  the 
product  of  molecular  force  as  the  stalk  and  ear  of  com,  or  as  the 
crystal  of  salt  or  sugar.  Molecular  force  is  the  agency  by  which 
both  plants  and  animals  are  built  up.  The  formation  of  a  crystal, 
a  plant,  or  an  animal  is  a  purely  mechanical  problem.  Not  alone 
the  mechanism  of  the  human  body,  but  that  of  the  human  mind 
itself — emotion,  intellect,  will,  and  all  their  phenomena — were  once 
latent  in  a  fiery  cloud. 

Again,  in  his  recent  essay  in  the  Fortnightly  Review  for  November, 
1875,  he  writes  in  the  same  strain,  but  with  even  bolder  expressiou. 
"  Matter  "  he  defines  as  "  that  mysterious  thing  by  which  all  living 
beings  and  aU  their  implications  are  evolved."  "  The  notion  of  an 
atomic  manu&cturer  and  artificer  of  souls" — these  are  his  very  words 
— '^  raises  the  doubt  whether  those  who  entertain  it  were  ever  really 
penetrated  by  the  solemnity  of  the  problem  for  which  they  offer 
such  a  solution."  I  am  quite  ashamed  even  to  read  to  you  some  ox 
his  sentences ;  for  instance,  that  in  which  he  scouts  the  idea  of  the 
Almighty  "turning  out,"  as  he  calls  it,  "a  quarter  of  a  million  of 
new  souls  annually  for  England  and  Wales  alone,"  and  he  prefers 
to  think  that  the  soul,  like  the  body,  originates  in  the  ovum,  and, 
like  it,  is  material  "  It  is  only,"  he  adds,  "  because  the  world  will 
have  a  religion  of  some  kind,  that  it  is  obliged  to  fiy  to  the  intel- 
lectual whoredom  of  spiritualism."  And,  be  it  remarked,  this  word 
is  not  here  used  in  reference  to  a  fancied  intercourse  with  spirits, 
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bxit  to  signify  the  doctrine  of  the  existence  of  such  a  part  of  our 
nature.  This  he  clearly  denies,  and  maintains  that  the  only  life  in 
man  is  material. 

3.  Dr.  Bastian,  in  the  Fortnightly  Review  for  March,  1874,  tells 
us  that  one  may  "rest  his  speculative  gaze  on  a  vast  rotating  nebular 
mass  of  gaseous  mattei',  of  comparatively  simple  though  unknown 
constitution,  from  which  he  supposes  odr  universe  to  have  been 
slowly  evolved.  This  mass  gradually  cooled,  changed  from  the 
gaseous  ip  the  fluid,  and  then  to  the  solid  form,  and  so  became  fit 
for  the  habitation  of  living  creatures."  But,  he  adds,  how,  it  may 
be  asked,  is  the  first  appearance  of  living  matter  upon  the  earth  to 
be  accounted  for  ?  We  should  not,  he  says,  needlessly  invoke  an 
abnormal  act  of  creative  power.  The  evolutionist  repudiates  the 
notion  of  creation  in  its  ordinary  sense.  He  believes  that  the 
operation  of  natural  causes  working  in  their  accustomed  manner 
was  alone  quite  adequate  to  bring  into  existence  a  kind  of  matter 
presenting  a  new  order  of  complexity,  and  displaying  the  pheno- 
mena which  we  have  generalised  under  the  word  life.  What  we 
call  life,  then,  he  concludes,  is  to  be  regarded  as  one  of  the  natural 
results  of  the  growing  complexity  of  our  primal  nebula. 

In  criticising  these  theories,  I  remark — 

1.  That  much  is  taken  for  granted  in  them  which  ought  to  be 
proved, — nay  much  is  taken  for  granted  which  does  not  admit  of 
proof  at  all.  What  evidence  have  we,  or  can  we  have,  of  a  primal 
nebula,  or  of  its  containing  potentially  the  elements  of  all  living 
beings?  It  surely  is  too  much  to  ask  any  one  to  receive  such  a 
statement  on  the  mere  assertion  of  Tyndall,  or  Bastian,  or  Huxley. 
The  authority  of  great  names  is  not  of  much  value  in  science.  It 
is  quite  true  that  the  character  of  an  experimenter  may  be  received 
as  a  guarantee  of  the  accuracy  of  his  results,  but  not  by  any  means 
as  a  proof  of  the  justice  of  his  conclusions,  or  of  the  acceptability  of 
his  hypothetical  explanations.  Whenever  great  names  are  thus 
used  as  an  idol  to  make  men  believe  that  investigation  and  opposi- 
tion are  needless,  then  a  great  evil  is  done,  and  progress  is  so  far 
hindered.  I  therefore  set  aside  all  the  fanciful  statements  about 
'* primal  nebulae"  and  "cosmic  vapours,"  which  I  have  quoted 
from  the  authors  named  above,  as  pure  hypothesis,  and  as  wholly 
unfounded  in  fact.  It  is  quite  in  vain  for  them  to  attempt  to 
carry  along  any  intelligent  reader  by  an  assumption  of  a  general 
agreement  to  their  doctrines ;  and  as  little  will  it  avail  them  to 
adopt,  as  they  sometimes  do,  the  role  of  prophets,  and  to  tell  us  that 
we  are  beginning  to  see,  or  that  ere  long  we  shall  be  able  to 
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demonstrate  so  and  so;  we  cannot  admit  anything  but  an  actual 
demonstration  of  facts  in  support  of  a  scientific  theory;  and 
although,  in  the  absence  of  such  demonstration,  we  may  be  justi- 
fied in  framing  a  hypothesis  in  explanation  of  certain  phenomena, 
yet  we  can  only  do  so  temporarily — until,  in  short,  we  attain  to  a 
better  understanding  of  the  subject. 

2.  I  object  to  the  strange  use  of  mysterious,  metaphorical,  and 
sometimes  quite  incomprehensible  language,  which  has  become 
common  in  such  writings  as  we  are  now  considering.  Thus,  living 
beings  are  said  to  be  "  highly  difierentiated  portions  of  the  earth's 
crust;"  that  "vital  actions  depend  on  the  molecula/r forces  of  proto- 
plasm.*' Again,  we  read  of  the  "mechanism  of  the  mind,"  of  "  vital 
mechanics  or  physics,"  and  of  "  subtle  influences,"  and  "  certain 
conditions,"  all  left  unexplained,  and  therefore  without  value  in 
the  explanation  of  anything  else. 

I  must  also  protest  here  against  flights  of  poetical  fancy,  as  quite 
inapplicable  to  the  sober  arguments  of  a  scientific  discussion ;  as, 
for  instance,  when  Professor  Huxley  says  that  "  if  it  were  given 
him  to  look  beyond  the  abyss  of  geologically  recorded  time  to  a  still 
more  remote  period  of  the  earth's  history,  he  would  expect  to  be 
a  witness  to  the  evolution  of  living  protoplasm  from  non-living 
matter."  Now,  whatever  may  be  thought  of  this  as  a  well  turned 
period,  and  whatever  may  have  been  the  rhetorical  eflect  of  it  upon 
his  audience,  its  scientific  value  is  simply  nil.  The  same  remark, 
perhaps,  applies  to  Professor  Tyndall's  statement,  that  "  all  vital 
mechanisms,"  as  he  denominates  both  mind  and  body,  "were  once 
IcUent  in  a  fiery  cloud"  Unless  the  Professor  could  assure  us  that 
he  was  himself  not  latent  merely,  but  actively  present  in  the  same 
fiery  cloud,  and  that  he  detected  there  the  potential  elements 
(whatever  these  may  be)  of  all  living  things,  his  assertion  can  only 
be  received  with  a  smile  of  incredulity.  These  gentlemen,  indeed, 
ask  us  to  believe  too  much,  while  they  themselves  refuse  to  believe 
what  is  founded  on  a  vastly  more  satisfactory  basis  than  that  of 
their  wild  and  almost  incoherent  fancies. 

3.  And  lastly,  on  these  strange  doctrines,  let  me  ask  you  to 
consider,  in  plain  terms,  the  results  to  which  they  lead :  Matter 
is  thought,  and  thought  is  matter;  the  mind  is  a  mechanism;  and 
life  results  from  "the  free  play  of  molecular  forces ; "  or,  as  Bastian 
has  it,  the  soul  of  man  originates  like  his  body  in  "an  egg  not  j^ 
of  an  inch  in  diameter ;"  and  spiritualism — !.«.,  the  doctrine  of  spirit 
as  separate  from  the  body — is  "  nothing  but  an  intellectual  whore- 
dom."   These  and  such  like  phrases  surely  imply  the  grossest  form 
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of  materialism.  Paint  it  in  flowexy  words,  and  explain  it  as  you 
please,  there  is  no  escape.  If  the  very  existence  of  spirit  is  denied, 
if  mind  and  thought  are  held  to  be  material,  then  all  the  evils  of  the 
old  heresy  may  be  logically  predicated  of  this  new  philosophy,  feJsely 
so  called. 

But  even  this  is  not  all,  for  there  is  a  yet  more  startling  result 
equally  inevitable,  and  quite  plainly  stated,  nay,  even  gloried  in 
by  many  of  the  advocates  of  these  doctrines.  Natural  causes,  say 
they,  in  their  ordinary  operation,  were  potent  enough  to  produce 
life  at  the  first.  "  We  have  no  reason,"  Bastian  declares,  "  to  pos- 
tulate a  miraculous  interference  or  exercise  of  creative  power;" 
and  Haekel  more  explicitly  asserts,  that  "the  form  of  creation 
happened  not  through  the  capricious  interference  of  a  personal 
Creator,  but  through  the  original  power  of  matter  fashioning 
itself"  Well,  I  am  sure  you  will  agree  with  me,  that  if  there 
is  any  meaning  in  language,  this  is  simply  Atheism  in  its  barest 
and  most  cheerless  aspect. 

Now,  it  may  be  generally  true  that  it  is  not  fair  to'argue  against 
a  proposition  on  the  ground  of  the  consequences  to  which  it  leads; 
but  when  that  proposition  is  a  hypothetical  one,  then  I  think  it 
not  only  fair  but  most  legitimate  to  reckon  up  the  consequences, 
and  weigh  them  in  the  scale  against  the  value  of  the  hypothesis. 
Thus  weighed,  the  doctrines  of  the  evolutionists,  as  stated  by 
Bastian  and  Haekel — and  by  others,  though  not  quite  so  clearly — 
fall  at  once  condemned  by  the  &ct  that  they  are  irreconcilable 
with  the  much  better  founded  belief  in  a  personal  Creator — ^the  one 
great  Author  and  Giver  of  life. 

I  shall  now  proceed  to  lay  before  you,  in  some  necessary  detail, 
the  facts  on  which  another  theory — ^viz.,  that  of  vitality,  is  founded. 
For  these  &cts,  and  for  the  resuscitation  of  the  theory  which  they 
support,  modem  physiology  is  indebted  to  Dr.  L.  S.  Beale,  of 
London.  I  have  myself  verified  most  of  these  facts,  and  though 
I  should  like  to  modify,  in  some  degree,  the  theory  founded  on  them 
by  Dr.  Beale,  yet  I  am  quite  persuaded  that  his  investigations  and 
writings  mark  an  immense  advance  in  our  comprehension  of  this 
difficult  subject,  and  that  they  are  worthy  of  the  highest  con- 
sideration. 

Dr.  Beale's  theory  is  founded  on  the  great  fact  that  in  all  living 
beings,  whether  vegetable  or  animal,  we  find  the  matter  of  which 
they  are  composed  in  two  different  states — ^viz.,  living  matter  or 
bioplasm,  and  formed  matter  or  tissue.  These  two  kinds  of  matter 
are  very  closely  related  to  one  another,  and,  in  fact,  are  mutually 
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dependenty  but  jet  they  are  quite  distinct  both  in  constitution  and 
in  fonction. 

Koplasm  is  transparent  and  structureless  when  examined  under 
the  highest  powers  of  the  microscope,  and  therefore  it  can  onlj  be 
demonstrated  by  its  contrast  with  the  formed  structures  among 
which  it  is  placed,  and,  better  still,  as  Dr.  Beale  has  shewn,  by 
colouring  it  with  a  preparation  of  carmine,  for  it  is  found  that  the 
pigment  is  deposited  in  the  bioplasm,  but  not  in  the  formed  tissue. 
In  this  way  it  is  exhibited  of  a  carmine  colour,  and  is  therefore 
easily  distinguishable. 

By  studying  this  liying  matter  we '  discern  that  it  is  almost 
always  presented  to  us  in  an  envelope  of  formed  material,  and  that 
this  envelope  is  of  very  variable  thickness.  Thus  in  the  early  life 
of  the  bioplast  the  envelope  is  very  thin,  and  it  becomes  thicker  or 
more  abundant  afterwards.  We  can  also,  in  certain  cases,  observe 
that  bioplasm  takes  food  and  grows  and  multiplies  by  division  into 
smaller  bioplasts,  which  in  their  turn  are  nourished  and  grow  and 
are  multiplied.  Moreover,  it  is  not  difficult  to  demonstrate  that 
bioplasts  may  be  stimulated — eg,,  by  electricity,  and  change  their 
shapes,  and  even  move  from  place  to  place. 

The  primitive  parts  of  all  organised  bodies,  which  were  formerly 
called  cells,  are  now  known  to  be  definite  portions  of  bioplasm,  for 
which  the  best  name  is  bioplasts,  as  they  are  never  hollow,  but 
always  composed  of  living  matter,  with  a  certain  proportion  of 
formed  material  around  it.  They  are  generally  globular  or  spherical 
at  first,  but  assume  all  manner  of  shapes  in  their  further  life  and 
development.  They  constitute  the  original  of  all  the  various 
tissues  of  the  body — vegetable  as  well  as  animal.  Hence  they 
are  larger  and  more  abundant  in  young  than  in  old  tissues,  as  seen 
in  the  layers  of  epithelium  or  cuticle. 

It  seems,  in  fact,  to  be  a  general  law,  to  which  we  know  of  no 
exceptions,  that  at  a  certain  period  in  the  history  of  every  bioplast 
it  is  converted  into  formed  material  of  some  kind  or  other.  One  kind 
of  bioplasm  is  changed  into  muscle,  another  into  bone,  a  third  into 
nervous  matter,  and  so  on  with  all  the  tissues  of  our  own  bodies. 
All  of  them  have  passed  through  a  bioplastic  stage,  and  in  all  of 
them  to  the  last  do  we  find  bioplasts  more  or  less  abundantly 
interspersed  among  the  formed  tissues.  Now,  I  must  ask  you  to 
notice  the  history  of  the  formed  material  of  which  I  have  just 
explained  the  origin: — ^Almost  all  the  functions  of  the  hody,  a» 
support  by  the  bones,  motion  by  the  muscles,  protection  by  the 
and  so  forth,  are  accomplished  by  the  formed  materiaL     Each 
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different  kind  has  its  special  function  to  perform^  and  in  the  per- 
formance of  that  function  it  is  wasted  and  carried  away  in  various 
states  from  the  body.  But  in  order  to  keep  up  the  tissues  and 
organs  in  good  working  condition,  they  must  be  continually  re- 
newed, and  this  is  the  duty  of  the  bioplasm,  which  remains  connected 
with  them  throughout  life.  As  it  was  formed  into  them  at  first,  so 
it  is  continually  being  changed  into  their  substance  afterwards  in 
order  to  supply  the  waste  which  has  occurred  during  the  exercise 
of  their  functions. 

From  all  this  it  follows  that  bioplasm  is  the  only  living  part  of 
our  bodies.  It  alone  can  take  nourishment  and  grow  and  become 
changed  into  the  useful  tissue,  which  in  its  turn  is  only  wasted  and 
removed.  Hence  Dr.  Beale  considers  that  the  tissue  is  dead — that 
it  is  the  form  of  matter  into  which  bioplasm  dies.  And  certainly 
the  tissue  performs  none  of  the  functions  of  life:  it  cannot  take 
nourishment,  it  does  not  change  its  form,  it  does  not  grow  or 
multiply  or  move — all  which  characteristics  of  life  are  displayed  by 
the  bioplasm.  And  this  gives  us  a  strange  and  rather  startling 
view  of  our  bodies — that  they  are,  in  £act,  already  dead  in  great 
part,  and  that  only  small  portions  of  a  peculiar  matter  scattered 
throughout  them  are  truly  alive. 

We  have  thus  arrived  at  the  following  propositions,  viz. : — 

1.  The  matter  of  our  bodies  exists  in  two  states — the  living  or 
bioplasm,  and  the  formed  or  tissue. 

2.  Bioplasm  alone  receives  nourishment,  grows,  and  is  converted 
into  formed  material. 

3.  Formed  matter  performs  the  functions  of  the  bodily  machine, 
during  which  it  is  wasted,  and  carried  away,  or  excreted. 

There  now  remains  the  very  formidable  question — What,  after 
all,  is  the  life  of  the  bioplasm  ? 

Huxley,  Bastian,  and  Tyndall  answer  that  life  is  matter,  and 
that  this  matter  is  nothing  more  than  an  aggregation  of  lifeless 
elements,  just  like  any  other  portion  of  the  earth*s  cnist. 

Dr.  Beale  gives  a  very  different  answer.  His  theory  is  similar 
to  that  of  Aristotle  in  ancient,  and  of  MuUer  in  more  modem  times. 
It  is  that  there  is  an  animating  principle  in  the  bioplasm,  to  which 
Beale  gives  the  name  of  vitality  or  vital  power ;  and  he  seems  to 
go  the  length  of  attributing  to  this  vital  principle  a  directing  power 
over  bioplasm,  in  converting  it — which  is  ever  the  same  substance — 
into  the  different  tissues  of  the  body. 

According  to  this  theory,  vitality  is  not  material,  but  spiritual  in 
its  nature^  and  it  is  superadded  to  bioplasm,  from  which  it  is  esseu- 
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tially  different.  Indeed,  Beale  even  declares  "  this  vital  power  to 
be  the  e^o."  Will,  instinct,  and  mind  are  but  different  forms  of  it. 
Yet  it  is  transferred  from  parent  to  child,  and  if  transferable,  it 
may  exist  separately  from  bioplasm  altogether. 

Now,  while  admitting  our  great  obligations  to  Dr.  Beale  for  the 
important  discoveries  regarding  the  process  of  organisation,  which 
I  have  before  attempted  to  describe,  and  on  which  he  founds  his 
theory  of  vitality,  yet  I  confess  I  am  unable  to  agree  with  him  in  it 
to  the  fiill  extent. 

His  chief  argument  in  support  of  the  theory  is,  that  the  functions 
of  bioplasm — viz.,  assimilation  of  food,  growth,  always  from  the 
centre  to  the  circumference,  reproduction  of  its  like,  and  formation 
into  structures  different  from  itself  and  from  one  another — are  all 
80  unlike  any  physical  property,  that  it  cannot  be  so  regarded. 

Now,  it  seems  to  me  that  this  conclusion  is  not  at  all  a  necessary 
one.  It  may  at  once  be  admitted  that  these  functions  are  both 
remarkable  and  peculiar,  but  still  they  may  very  reasonably  be 
considered  as  dependent  on  the  physical  constitution  of  bioplasm. 
For  it  is  the  matter  of  bioplasm  which  assimilates  food  to  its  own 
substance.  It  is  this  same  matter  which  thereafter  increases  from 
centre  to  circumference.  It  is  the  matter  which  divides  and  sub- 
divides in  reproduction,  and  it  is  the  matter  which  changes  its 
form  in  the  organisation  of  tissues.  It  is  pure  assumption  or  hypo- 
thesis to  say  that  all  these  events  occur  under  the  guidance  of  a 
spiritual  essence  or  vital  power.  It  is  quite  as  I'ational,  and  to  my 
mind  a  great  deal  easier,  to  believe  that  this  peculiar  matter  is 
created  with  such  properties  as  necessarily  evolve  the  above-men- 
tioned sequence  of  events,  and  that  it  is,  as  Beale  has  well  pointed 
out,  remarkably  different  from  any  kind  of  non-living  matter.  So 
very  different  do  I  believe  it  to  be,  that  it  cannot,  in  my  opinion, 
be  said  to  be  composed  of  non-living  elements  at  all,  for  these  are 
but  the  results  of  the  analysis  of  dead  bioplasm.  Living  bioplasm 
cannot  be  analysed,  and  so  far  as  we  know  is  not  comparable  with 
any  other  kind  of  matter. 

But,  again,  Dr.  Beale  declares  that  vitality  is  not  only  different 

from  matter,  but  superior  to  it — guiding,  governing,  controlling  it. 

His  very  words  are  that  vitality  "  in  such  a  way  influences  matter, 

that  its  molecules  are  forced  to  arrange  themselves  in  a  particidar 

manner;"  and  in  another  place  he  adds,  that  "  it  suspends  the  action 

of  chemical  affinity,  and  piles  matenal  particle  upon  particle,  the 

force  of  gravitation  notwithstanding."     Once  more  I  quote  from  Dr. 

Beale — "  The  different  results  of  the  development  of  different  forms 
Vol.  X. — No.  1.  g 
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are  to  be  referred  to  difference  in  the  vital  power  that  determines 
the  different  constitution  and  subsequent  changes  and  behaviour  of 
every  different  form  of  living  matter."  In  fact,  according  to  him, 
bioplasm  is  always  the  same — identical  in  an  oak,  a  dog,  and  a  man; 
but  the  vital  power  differs  in  each,  and  modifies  the  results  of 
organisation.  How  much  simpler,  and  how  much  more  in  accord- 
ance with  observation,  is  it  to  believe  that  the  bioplasm  in  each 
body  was  originally  different,  and  that  therefore  the  results  of 
organisation  were  different,  as  we  find  them  in  Nature.  For  I  beg 
you  to  remark  that  the  doctrine  of  the  identity  of  different  speci- 
mens of  bioplasm  is  founded  on  our  being  unable  to  demonstrate 
any  difference  physically  between  them.  They  are  all  homogeneous 
or  structureless,  and  therefore  we  have  no  means  of  distinguishing 
between  them;  but  this  does  not  prove  that  there  really  are  no 
differences  to  be  detected.  Does  not  the  great  improvement  in  the 
microscope  within  the  last  few  years  negative  such  a  statement  ? 
Can  we  not  now  see  objects  which  ten  or  even  five  years  ago  were 
invisible? 

Then,  again,  the  presumptive  evidence  afforded  by  the  results  of 
development  is  quite  against  the  dogma  of  the  identity  of  all  kinds 
of  bioplasm.  We  have  its  matter  growing  under  our  very  eyes  into 
different  tissues,  making  it  obvious,  unless  we  are  blinded  by  pre- 
conceived ideas,  that  as  different  seeds  produce  different  kinds  of 
grain,  so  it  must  be  that  bioplasts,  which  grow  into  different  tissues, 
are  likewise  essentially  different  from  one  another.  For  we  have 
every  reason  to  believe  that  it  is  a  necessary  development  of  bio- 
plasm which  becomes  tissue.  One  specimen  always  changes  into 
bone,  for  example,  and  another  always  into  muscle.  There  seems 
to  be  no  exception  to  this  law,  which  may  be  thus  expressed,  that 
at  a  certain  period  in  the  life  of  every  bioplast  it  is  converted  into 
its  formed  condition,  which  is  tissue  of  one  kind  or  another. 

It  follows,  then,  that  there  is  one  kind  of  bioplasm  for  each  tissue, 
and  for  it  alone.  Remove  it  where  you  please,  and  it  will  form 
only  that  tissue.  Thus  the  bioplasm  of  periosteum  alone  forms 
bone,  as  numerous  experiments  of  Syme,  Oilier,  and  others  have 
shewn ;  while  that  of  skin  only  forms  skin,  as  the  interesting  pro- 
cess of  grafting  has  most  usefully  proved. 

The  obvious  conclusion  is  that  as  the  tissues  differ,  so  must  their 
bioplastic  originals  also  differ;  nor  does  it  at  all  weaken  this  con- 
clusion that  at  present  we  cannot  demonstrate  the  difference  until 
the  bioplasm  has  been  formed  into  tissue.  Then  the  difference  is 
apparent,  which  before  had  eluded  our  nicest  search;  but  who  will 
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say  that  it  had  not  existed  previously,  though  we  could  not  perceive 
it  ?  I  repeat  that  the  balance  of  the  evidence  is  quite  in  favour  of 
the  opinion  that  there  is  as  much  difference  between  the  bioplasts 
as  between  the  tissues,  though  we  hUl  in  making  it  palpable  to  the 


If  this,  then,  be  admitted,  it  does  away  with  the  necessity  for  any 
such  guiding  influence  as  Beale  has  supposed  to  be  resident  in 
bioplasm.  According  to  the  evidence  now  placed  before  you,  each 
bioplast  is  created  for  a  definite  and  wise  purpose,  which  it  fulfils 
by  passing  at  a  certain  period  of  its  history  into  a  particular  tissue. 

Again,  if^  as  Beale  says,  "  the  vital  power  determines  the  peculiar 
oomstitution  and  subsequent  behaviour  of  every  different  form  of 
living  matter,"  then  it  follows,  of  course,  that  it  must  determine  the 
formation  of  every  kind  of  living  body;  and  we  must  suppose  that 
every  kind  of  'animal  and  vegetable  has  its  own  special  vital  prin- 
ciple. But  if  this  be  so,  how  are  we  to  account  for  crossbreeds  or 
mules  1  In  such  cases  each  parent  is  possessed  of  a  different  vitality, 
by  which  the  bodily  organs  have  been  formed;  and  if  this  is  a 
spiritual  entity,  whence  have  we  the  vitality  of  the  mule,  for 
its  tissues  cannot  be  formed  without  a  new  vitality  of  its  own. 
Are  we  to  suppose  that  the  spiritual  vitality  is  not  only  trans- 
ferable from  parent  to  ofispring,  but  also  capable  of  modification  for 
the  mule  ?    Surely  this  is  far  beyond  the  range  of  scientific  evidence. 

Of  course,  it  may  be  said  that  the  vitality  of  the  tnule  is  created 
for  it;  but  if  so,  the  case  must  be  supposed  to  follow  quite  a  different 
law  from  that  of  ordinary  generation,  and  certainly  it  appears  to 
me  a  simpler  and  more  satisfactory  solution  of  the  mystery  to  hold 
that  the  junction  of  the  two  different  sexual  products  modifies  the 
bioplasm  of  the  former,  but  does  not  exempt  it  from  the  ordinary 
law  of  a  necessary  development  into  tissues,  which  are,  for  the 
above  reason,  modified  or  different  from  those  of  either  parent. 

I  cannot  help  thinking,  too,  that  if  the  life  of  bioplasm  were  not 
a  material  property,  it  would  not  be  affected,  as  we  know  it  is,  by 
material  changes,  such  as  are  produced  by  disease  and  injury.  We 
have  no  reason  to  suppose  that  these  could  in  any  way  affect  the 
being  of  a  spiritual  life,  and  this  leads  me  to  ask  you  now  to  con- 
sider what  happens  to  bioplasm  when  its  life  departs. 

At  such  a  time  bioplasm  either  becomes  formed  into  tissue  or  it 
18  coagulated.  In  either  case  its  material  condition  is  altered  most 
remarkably.  The  change  into  tissue  is  continually  taking  place  in 
all  living  bodies,  and  has  already  been  sufficiently  described.  The 
oilier  diange  may  be  produced  in  many  ways,  as  by  disease  or  by 
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mechanical  and  chemical  agents,  such  as  heat,  electricity,  and 
certain  acids.  When  it  occurs  the  bioplasm  becomes  solid,  opaque, 
motionless,  and  is  only  capable  of  further  change  in  decay. 

Now,  apart  from  such  physical  changes  in  the  constitution  of 
bioplasm,  we  do  not  know  of  its  ever  parting  with  its  life.  It 
surely  then  may  be  granted  that  life  is  a  property  inseparable 
from  bioplasm.  If  you  would  take  away  the  life  you  must  change 
the  matter,  and  if  you  change  the  matter  you  necessarily  take 
away  the  life.  In  short,  life  is  the  essential  and  inherent  proi>erty 
of  bioplasm. 

Hence  Dr.  Beale  has  changed  the  name  of  this  matter  from  proto- 
plasm (the  first  matter),  which  might  be  dead  or  living,  to  bioplasm, 
which  is  always  living,  to  denote  clearly  that  life  is  not  the  matter, 
as  Huxley  and  others  suppose,  but  that  it  belongs  to  matter  in  a 
certain  state.  Now,  Dr.  Beale  believes  that  a  spiritual  entity  is 
superadded  to  the  matter  to  bring  it  into  this  state  of  life,  while  I 
cannot  perceive  any  evidence  for  this  hypothesis  in  the  facts  of  the 
case,  and  prefer  to  consider  life  in  the  meantime  as  an  inseparable 
quality  of  matter  created  living. 

Again,  it  must  be  noticed  that  bioplasm  is  not  composed  of  life, 
less  elements,  as  Huxley  also  supposes,  for  none  of  its  elements  are 
lifeless.  If  they  are  rendered  lifeless,  then  the  matter  is  destroyed, 
as  has  been  already  proved,  and  therefore  bioplasm  cannot  be 
analysed  by  the  chemist.  It  is  destroyed  in  the  process.  Hence  it 
follows  that  man  cannot  make  what  he  cannot  even  analyse,  and  it 
is  indisputable  that  no  man  has  ever  made  the  smallest  particle  of 
bioplasm.  The  fact  of  its  existence,  therefore,  is  one  of  many 
pointing  to  a  superhuman  Creator. 

On  a  review  of  this  part  of  the  discussion  we  may  arrive  at  the 
following  conclusions : — 

1.  The  life  or  vitality  of  bioplasm  is  a  property  of  that  substance. 

2.  This  property  is  inherent  in  and  cannot  be  separated  from 
bioplasm. 

And,  3.  Since  it  is  inseparable,  we  cannot  speak  of  it  as  an  entity, 
or  make  it  a  subject  of  scientific  examination;  but  the  balance  of 
arguments  and  facts  inclines  to  the  opinion,  that  vitality  is  not  a 
spiritual  essence  superadded  to  matter. 

Such,  then,  in  my  opinion,  is  the  present  stat«  of  this  difficult 
question.  When  we  sift  the  evidence  and  separate  the  speculations 
with  which  the  subject  has  been  overloaded,  the  above  seem  to  me 
to  be  the  only  warrantable  results,  and  I  think  they  represent  the 
truth  so  far  as  they  go.     It  is  only  by  accumulating  £Act8  and  not 


Prof.  E.  AVatson  on  tlu  NcUure  and  Origin  of  Life,       85 

fancies,  that  our  knowledge  is  really  to  be  increased  on  this  or  on 
anj  other  scientific  question.  But  I  hope  it  will  have  been  observed 
that  Dr.  Beale's  life-theory,  though  in  some  respects  I  have  ven- 
tured to  dissent  from  it,  and  to  point  out  its  imperfections,  has  yet 
the  great  merit  of  explaining  to  us  the  organisation  of  our  bodily 
frames  in  a  way  not  possible  before,  and  throws  a  flood  of  light 
on  all  those  multifarious  changes  which  are  continually  going  on 
within  us  both  in  health  and  disease. 

In  order,  however,  to  prevent  misconception,  I  must  ask  you  to 
allow  me,  before  concluding,  to  remark  that  the  life  of  which  I  have 
latterly  six>ken  is  solely  the  life  of  the  body;  and  I  would  have  you 
observe  that  the  very  facts-  stated  regarding  it,  such  as  its  being 
inherent  in  and  inseparable  from  matter,  prove  that  there  must  be 
another  life  of  a  very  diflerent  kind  in  man,  which  can  be  separated 
frx>m  matter,  and  which  can  exist  independently  of  it.  Our  modem 
materialists  choose  to  ignore  this  higher  life  altogether,  and  would 
have  us  believe  that  the  soul  and  the  mind  are  only  modifications 
of  that  same  bioplasm  in  which  the  life  of  the  body  consists.  For 
such  a  cheerless  creed,  however,  no  facts  are  or  can  be  adduced; 
while  there  are  many  powerful  reasons  for  adopting  a  very  different 
doctrine.  But  on  this,  which  in  fact  is  a  new  subject  not  neces- 
sarily included  in  that  of  the  present  paper,  time  will  not  permit 
me  even  to  enter;  but  I  believe  the  truth  regarding  it  may  be  best 
and  most  shortly  stated  thus, — ^there  is  a  molecular  life,  called 
vitality,  which  belongs  to  the  body,  and  there  is  also  a  spiritual  life 
which  pertains  to  that  higher  part  of  man's  nature,  the  thinking, 
willing,  reasoning  soul.  The  molecular  life  is  inseparable  from 
matter,  and  perishes  with  it,  as  we  see  in  many  injuries  and 
diseases.  The  spiritual  life  is  not  known  to  have  any  necessary 
connection  with  matter,  and  therefore  does  not  perish  with  it.  For 
example,  when  a  man  dies  his  body  for  a  time  retains  much  of  its 
molecular  life.  The  body,  in  truth,  is  in  great  part  yet  alive, 
though  the  soul  has  fied;  and,  on  the  other  hand,  though  great 
part  of  the  body  may  have  lost  its  molecular  life,  the  higher  life 
may  not  be  at  all  affected. 

Hence  it  will  be  perceived  that  the  theory  of  vitality  which  I 
advocate,  if  in  one  sense  materialistic,  is  nevertheless  quite  con- 
sistent with  spiritualism  also;  and  that  the  whole  subject  of  the 
physiology  of  life,  when  read  by  the  light  afforded  by  the  evidence 
of  facts,  tends  not  to  weaken,  as  some  have  imagined,  but  rather  to 
establish  our  faith  in  those  old-fashioned  doctrines  which  come  to 
us  with  a  higher  than  any  human  authority. 
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XIII. — On  Ancient  Mortofn  and  Cemefnta, 


By    James    Napier,    Esq.,    F.C.S.,    F.R.S.R 


[Bead  before  the  Society,  February  9,  1876.] 


I  HAVE  elsewhere,  in  my  book  on  Manufacturing  Arts  in  Ancient 
Times,  referred  to  the  want  of  information  upon  the  kind  and 
quality  of  the  mortars  used  by  the  ancients  in  their  buildings. 

Travellers  who  have  visited  the  localities  of  ancient  civilisation, 
when  referring  to  buildings  or  other  erections,  often  use  the  words 
mortar,  lime,  lime  mortar,  plaster,  cement,  &c.,  but  in  few  cases  is 
there  any  idea  given  of  the  nature  of  these  substances.  We  have 
also  references  made  in  old  writings  to  mortar  and  plaster,  but 
nothing  to  lead  us  to  the  knowledge  of  what  these  really  consisted 
of,  except  in  the  case  where  it  is  said  that  they  used  slime  for 
mortar.     Uiwn  this  Professor  Rawlinson  remarks— 

"  Ohaldea  yielded  various  substances  suitable  for  mortar.  Cal- 
careous earths  abound  on  the  western  side  of  the  Euphrates,  towards 
the  Arabian  frontier,  while  everywhere  a  tenacious  slime  or  mud  is 
easily  procurable,  which,  though  imperfect  as  a  cement,  can  serve 
the  purpose,  and  has  the  advantage  of  being  always  at  hand. 
Bitumen  is  also  produced  largely  in  some  parts,  particularly  at  Bit, 
where  are  the  inexhaustible  springs  which  have  made  that  place 
£Eunous  in  all  ages.  Naphtha  and  bitumen  are  here  given  forth 
separately  in  equal  abundance,  and  these  two  substances  boiled 
together  in  certain  proportions  form  a  third  kind  of  cement  superior 
to  the  slime  or  mud,  but  inferior  to  Hme  mortar.''  This  last  remark, 
no  doubt,  refers  to  our  modem  lime  mortar.  However,  when 
speaking  of  the  remains  of  Mugheir  Temple,  he  says,  ''  The  material 
of  which  its  inner  structure  is  composed  seems  to  be  wholly  or 
partially  burned  brick  of  a  light-red  colour,  laid  in  a  cement  com- 
posed of  lime  and  ashes.    This  central  mass  is  faced  with  kiln-dried 
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bricks  of  large  size  and  excellent  quality^  also  laid,  except  in  the 
north-west  face,  in  lime  mortar.  The  north  fitce  is  laid  with  bitu- 
men." 

It  would  be  to  the  advantage  of  practical  science  if  travellers 
would  collect  samples  of  these  substances  for  analysis.  I  have  had 
samples  of  the  brick  and  bituminous  mortar  taken  from  Birs  Nim- 
roud  by  Mr.  Fulton,  an  engineer,  who  was  there.  The  bricks  were 
of  two  sorts,  what  is  termed  kiln  dried  and  vitrified.  Their  analyses 
were  as  follows :— 


Kiln  Dried. 

Vltrifled. 

Silica,  .... 

48-30 

60-88 

Peroxide  of  iron, 

23-93 

24*46 

Alomina, 

5-60 

5-87 

lime,  .... 

20-07 

17-46 

Mftgnesia,                    • 

-94 

1-04 

Moistttre  and  loss, 

1-26 

-29 

100-00 


10000 


These  are,  no  doubt,  made  of  the  same  kind  of  material.  What 
struck  me  as  singular  was  the  colour.  Notwithstanding  the  large 
proportion  of  iron,  the  colour  is  a  very  light  brown. 

The  bitumen  mortar  was  very  dry  but  tough,  and  of  a  dark- 
brown  colour.  The  bituminous  matter  was  bui-ned  off,  losing  25 
per  cent,  in  this  way,  leaving  75  per  cent,  of  earthy  matter,  which, 
when  tested,  was  piire  carbonate  of  lime,  not  all  in  fine  powder,  but 
coarsely  ground,  containing  fragments  of  the  size  of  half  a  pea. 
These  pieces  being  washed  and  examined  appeared  to  be  fragments 
of  common  grey  limestone,  so  that  the  bituminous  moi-tar  partook 
somewhat  of  the  quality  of  our  asphalte  pavements,  containing 
much  more  of  the  natural  oils  than  our  dry,  hard  pavements  do. 
So  £Bir  as  our  inquiries  have  gone  respecting  very  ancient  buildings, 
it  appears  that  stone  buildings  of  any  pretensions  were  made  without 
mortar  of  any  sort,  although  this  practice,  as  we  will  see  by  and 
by,  has  not  been  universal  even  in  the  same  localities ;  in  places  and 
buildings  where  mortar  was  used,  it  appears  to  have  been  different 
from  our  modem  mortars. 

Captain  W.  Wilson,  R.E.,  in  a  letter  to  me  upon  this  subjects 
says,  "  I  do  not  remember  having  seen  moi-tar  used  in  any  of  the 
very  ancient  buildings  in  Palestine.  The  custom  seems  to  have 
been  to  dress  the  beds  and  joints  of  the  stones  very  finely,  and  set 
them  without  mortar." 

Signer  Pierotti,  Architect  to  the  Pasha  of  Jerusalem,  in  a  paper 
to  the  Royal  Institute  of  British  Architects,  says,  in  reference  to 
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the  Mosque  of  Abraham  at  Hebron,  *'  The  thickness  of  the  walb  is 
7^  feet  at  the  base,  and  6^  feet  above.  As  far  as  I  had  the  oppor- 
tunity of  examining,  two  stones  appear  in  general  to  form  the  thick- 
ness, while  in  some  cases  a  single  one  occupies  the  whole  thickness. 
No  cement  is  used  in  uniting  the  stones." 

In  Our  Work  in  Palestine,  published  by  the  Committee  of  the 
Palestine  Exploration  Fund,  after  describing  the  ancient  walls 
of  the  Temple  of  Solomon,  and  the  exact  way  the  stones  were 
made  to  fit,  it  is  added,  "  no  mortar  or  cement  has  been  used." 
And  concerning  some  ancient  buildings  on  Mount  Gerizim  it  is 
stated,  "  The  church  and  castle  were  found  to  be  built  on  a  rough 
platform  of  large  stones  laid  together  without  mortar." 

In  the  description  of  the  recently  discovered  palace,  supposed  to 
have  been  that  of  the  Queen  of  Sheba,  and  said  to  have  been  built 
in  imitation  of  Solomon's  Temple,  the  whole  is  said  to  have  been 
built  without  mortar. 

Mr.  J.  H.  Parker,  writing  upon  the  archaeology  of  Rome,  says, 
'*  In  the  very  early  walls  the  stones  are  split  off  the  rock  with  wedges 
(it  being  characteristic  of  Tufa  that  it  splits  in  this  manner 
naturally),  but  are  not  cut  with  iron  tools.  The  stoned  are  put 
together  without  mortar  or  cement  of  any  kind." 

Notwithstanding  these  instances,  it  does  not  seem  to  have  been  a 
universal  practice  to  build  without  mortar,  at  least  we  find  mortar 
used  in  buildings  at  dates  earlier  than  some  buildings  that  have  no 
mortar,  so  that  there  might  be  reasons  for  the  non-use  of  mortars 
in  certain  buildings  which  we  do  not  now  understand.  While  none 
was  used  in  the  structure  of  Solomon's  Temple,  mortar  was  used  in 
the  building  of  the  Great  Pyramid  and  other  ancient  buildings  long 
before  the  days  of  Solomon. 

During  the  spring  of  1874,  Mr.  James  Young,  of  Kelly,  collected 
for  me  several  samples  of  mortars  and  cements  taken  from  ancient 
buildings  in  different  parts  of  Palestine.  These  were  subjected  to 
analyses  by  my  friend  Mr.  Robert  R.  Tatlock;  and  I  take  this 
opportunity  of  publicly  thanking  him  for  his  kindness,  as  I  had  not 
opportunities  of  doing  them  myself.  And  besides  these  analyses,  I 
also  have  occasion  to  refer  to  several  other  analyses  of  ancient 
mortars  made  some  years  ago  by  Dr.  Wallace.  However,  there  is 
one  unfortunate  drawback  in  the  whole  circumstances,  that  I  cannot 
give  the  dates  of  the  building  from  which  the  mortars  were  taken. 
The  following  table  shews  Mr.  Tatlock's  analyses  of  the  samples 
I  have  referred  to,  which  will  be  studied  better  privately  in  the 
Proceedings. 
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I  will  classify  them  according  to  their  distinctive  qualities,  for 
the  sake  of  comparison* 

Sample  from  upright  joint  of  east  face,  near  north-east  angle  of 
the  Great  Pyramid,  third  coarse.  There  being  analyses  of  mortar 
from  this  pyramid  by  other  chemists,  I  give  them  here  together  for 
the  sake  of  comparison,  omitting  the  fractional  ingredients. 


Tatlock. 

Dr.  WaUfloe. 
Interior.       Exterior. 

Captain  Smith, 
From  Vioat'B  Book. 

Carbonate  of  lime, 

14-9 

9-6 

9-8 

16-3 

Sulphate  of  lime  (hydroas), 

62-5 

81*5 

82-9 

73-2 

CarboDAte  of  magnesia, 

2-3 

0-6 

0*8 

•  •  • 

Alumina, 

4-5 

2-4 

3-0 

•  •  • 

Silica,  . 

13-6 

6-3 

4*3 

•  •• 

Dr.  Wallace  makes  the  remark  upon  his  analysis,  given  in  P. 
Smyth's  Greai  Pyramid^  "  that  it  is  a  mixture  of  plaster  of  a  slight 
purplish  colour,  with  crystallised  selenite  or  gypsum." 

Captain  Smith,  referring  to  his  analysis,  observes,  that  there  is 
no  silica,  and  is  of  opinion  that  the  selenite  or  sulphate  of  lime  has 
been  used  instead  of,  and  in  the  same  way  as  we  use  sand. 

The  sample  No.  1,  analysed  by  Mr.  Tatlock,  shews  the  same 
physical  appearance  as  that  referred  to  by  Dr.  Wallace,  it  having  a 
slight  pinkish  tint,  and  the  gypsum  or  selenite  is  seen  mixed  through 
it  in  small  crystalline  fragments.  I  at  first  thought  it  possible  that 
these  might  have  been  crystals  formed  since  the  mortar  was  made ; 
but  on  careful  examination  they  appear  true  fragments,  and  there 
Are  also  seen  minute  fragments  of  yellow  and  red  oxide  of  iron  and 
charcoal,  no  doubt  accidentally  mixed. 

Professor  Smyth  adds  to  Dr.  Wallace's  remark,  "  This  is  not  the 
milk-white  cement  of  the  finished  blocks  of  the  interior,  but  only 
some  of  the  under  cement  of  the  masonry  courses.  This,  too,  is  the 
same  in  every  part  of  the  pyramid,  and  has  just  the  pink  aspect 
ascribed  to  it,  together  with  a  variety  of  little  particles  and  lumps, 
all  under  the  size  of  a  small  pea.  A  portion  of  this  mortar  of  my 
own  gathering  Dr.  Wallace  describes  as  identical  chemically  with 
what  he  had  previously  examined." 

If  the  supposition  be  correct,  that  the  pyramid  builders  used 
crushed  selenite  with  slaked  lime  in  the  same  manner  as  we  use 
sand  and  lime,  the  proportion  of  the  one  to  the  other  differs.  At 
the  same  time,  it  will  be  observed  that  in  our  sample  the  gypsum  is 
much  less ;  but  instead  there  is  an  increase  of  silica  and  alumina 
equal  to  the  deficiency  of  sulphate  of  lime,  making  the  proportion 
of  lime  to  the  non-active  ingredients  nearly  the  same. 
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The  sample  in  the  Table,  No.  2,  labelled  from  Pig's  Tomb,  collected 
12th  February,  1874.  This  is  a  soft,  coarse-grained,  homogeneous 
plaster,  having  no  tenacity.  It  moulders  down  between  the  fingers, 
and  softens  by  being  put  into  water,  like  very  inferior  plaster  of 
Paris.     Its  analysis  gave — 


Carbonftte  of  lime, 

33-25 

Sulphate  of  lime  (anhydrous),   . 

52-41 

Carbonate  of  magnesia, 

4-16 

Sihca, 

6-25 

Water, 

4-75 

with  minute  portions  of  alumina,  iron,  &c 

The  sulphate  of  lime  has  not  been  added  in  this  case  as  fragments 
of  gypsum.  If  mixed  with  the  lime,  as  we  do  sand,  it  must  have 
been  finely  ground.  It  may  also  have  been  made  up  as  plaster  of 
Paris  is  made,  and  mixed  with  slaked  lime — ^a  mixture  that  has  the 
appearance  of  marble,  and  hard,  its  present  friable  condition  being 
caused  by  the  lime  combining  with  carbonic  acid,  and  thus  destroy- 
ing its  tenacity.  This,  however,  is  conjecture  only.  It  is  known 
that  one  part  caustic  lime  and  two  parts  plaster  make  a  mixture 
setting  like  marble. 

Samples  marked  5  and  7  in  the  Table  are  frescoes  taken  from 
underground  in  Alexandria.  In  these  the  relation  of  gypsum  and 
lime  is  reversed  from  the  last.     They  stand — 

Carbonate  of  lime, 

Sulphate  of  lime. 

Carbonate  of  magnesia,  . 

Silica,      ..... 

These  are  as  close  to  one  another  in  composition  as  can  be.  Their 
physical  appearance  is  also  similar.  The  silica  has  been  added  as 
quartz  coarsely  crushed,  and  I  am  of  opinion  that  the  gypsum  or 
sulphate  of  lime  has  been  added  in  powder,  and  the  silica  put 
in  after. 

Nos.  4  and  6  of  Table  are  also  taken  from  underground  in  Alex- 
andria— one  from  a  fresco,  the  other  from  a  pillar.  These  are  dis- 
tinct from  any  of  the  preceding,  having  only  a  small  fraction  of 
sulphate  of  lime,  and  approach  nearer  to  our  modem  mortars ;  but 
although  similar  in  composition,  their  physical  appearance  is  very 
unlike.  No  4,  taken  from  the  pillar,  is  a  hard,  compact  mass. 
Crushed  quartz  or  sand  is  seen  through  it  firmly  embedded  in  the 
mass ;  while  No.  6,  taken  from  a  fresco,  is  a  friable  mass,  resembling 


No.  5. 

Na7. 

6818 

7014 

16*59 

15-69 

4-53 

4-91 

8-00 

8-00 
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fine  sand  pressed  together,  with 

very 

little  adhesion. 

The  chemical 

composition  is — 

Na4. 

No.  6. 

Carbonate  of  lime, 

58-38 

65-38 

Carbonate  of  magnesia,  . 

6-29 

4-37 

Sulphate  of  lime, 

•86 

•86 

AInmina, 

7-20 

3-70 

Silica, 

22  10 

22-60 

No.  9  of  the  Table  is  a  liard  compact  cement,  differing  little  from 
the  last  two  in  chemical  composition,  and  I  refer  to  it  particularly 
from  its  being  a  lining  of  a  water  cistern.  The  following  letter 
with  the  sample,  explains  as  follows : — 

"Lining  of  the  inside  of  water  cistern  found  on  Mount  Zion, 
Jerusalem,  in  March,  1874.  It  was  built  circular,  one  part  of 
masonry  the  other  in  the  solid  rock ;  it  is  situated  on  the  same  lino 
of  rock  as  the  rock-hewn  bath  was  found,  and  which  must  originally 
have  formed  part  of  the  old  walls^^of  Salem.  It  is  near  a  flight  of 
rock-hewn  stairs,  thirty-six  in  number,  excavated  by  Capt.  Warren, 
B..K,  leading  from  the  top  of  the  hewn  face  of  the  rock  down  to  the 
valley.  When  the  cistern  was  found  it  was  filled  with  large  stones 
and  earth,  &c.  It  is  about  62  feet  in  diameter  at  the  Diocesan 
Orphan  School.  (Signed)  Henry  Maudsley,  M.  Inst.  C.E." 

The  analysis  of  this  cement  is — 


Carbonate  of  lime, 

70-87 

Carbonate  of  magnesia, 

1-06 

Sulphate  of  lime, 

•71 

Oxide  of  iron,     .... 

2-01 

AInmina,            . 

4-39 

SiUca,     ..... 

16-20 

This  being  examined  by  means  of  a  glass,  there  is  diffused  through 
it  a  quantity  of  small  red  fragments  like  brick.  There  are  also 
fragments  of  carbonate  of  lime,  as  if  carbonate  of  lime  had  been 
crushed  and  used  as  we  \ise  sand.  This  use  of  carbonate  of  lime 
makes  it  difficult  to  judge  of  the  relative  proportions  of  carbonate  to 
caustic  in  which  they  have  been  mixed  by  analysis. 

Nos.  3  and  8  of  the  Table  are  of  a  similar  quality  and  character; 
No.  3  is  from  the  Tomb  of  Ameni  Amenempa  Benni  Hassen,  and 
is  in  scales  or  layers  like  the  crust  upon  a  steam  boiler.  It  is 
remarkable  from  having  in  it  a  large  quantity  of  phosphoric  acid, 
equal  to  4*25  per  cent  of  bone  ash. 

No.  8  is  from  the  Tomb  of  the  Kings  at  Jerusalem.     It  is  very 
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compact  and  close-grained  and  hard,  resembling  a  piece  of  Irish 
limestone,  although  its  fracture  has  an  artificial  appearance. 

CarboDftte  of  lime, 
Carbonftte  of  magnesia, 
Sulphate  of  lime, 
AInmina, 
Silica,    . 
Phosphoric  acid. 

Judging  from  the  analysis  and  the  appearance  of  these,  and 
supposing  that  thej  used  limestone  as  we  use  sand,  I  think  the 
limestone  has  been  finely  ground,  and  the  whole  mixed  up  as  a 
paste,  as  we  use  lime-putty  or  stucco. 

No.  10  of  Table  is  from  a  pillar  in  Pompeii.  The  pillar  is 
described  as  being  built  with  lava  and  plastered  over  with  the 
cement,  which  is  very  hard,  and  nearly  pure  carbonate  of  lime. 


No.  3. 

Na& 

82-43 

80-38 

3-02 

6-94 

3-50 

•80 

1-68 

1-95 

2-44 

7-00 

1-95 

•15 

Carbonate  of  lime, 
Carbonate  of  magnesia, 
Sulphate  of  lime. 
Alumina, 
SiUca,     . 


93-38 

2-91 

•82 

•50 

1-00 


Examining  this  sample  carefully,  it  is  evident  that  it  has  been 
made  up  with  slaked  lime  and  fragments  of  marble,  like  coarse- 
grained sand.  At  first  I  thought  the  fragments  seen  in  it  were 
crystals  of  carbonate  of  lime,  formed  in  the  plaster  as  it  had 
become  carbonated;  but  after  a  more  careful  examination,  I 
find  that  they  are  fragments,  not  crystals,  and  have  been  used 
as  we  use  sand.  In  considering  the  character  of  these  last 
three  samples,  they  are  found  to  compare  closely  with  samples 
of  ancient  Grecian  cements  or  mortars  analysed  by  Dr.  Wallace 
several  years  ago.  The  proportions  of  carbonate  of  lime  in  these 
were  respectively,  80-38,  82-43,  82-70,  89-98,  92-18.  In  all  pro- 
bability limestone  has  been  used  instead  of  sand  in  these ;  and 
where  such  has  been  the  case,  and  after  the  slaked  lime  has  become 
carbonated,  an  analysis  does  not  shew  the  relative  proportions  in 
which  they  have  been  used  originally,  in  the  same  way  as  sand  or 
other  siliceous  matters  do. 

After  the  examination  of  these  samples  I  received  from  Mr. 
Young  another  lot  of  ancient  mortars,  collected  by  him  in  Home 
and  neighbourhood,  which,  by  the  further  kindness  of  Mr.  Tatlock, 
have  been  subjected  to  an  exhaustive  analysis,  a  table  of  which  is 
here  attached. 
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From  these  analyses  it  will  be  seen  that  there  is  here  a  different 
and  distinct  class  of  mortars  and  cements  from  the  preceding 
tabla  No.  16,  however,  of  this  Table  has  a  composition  resem- 
bling Nos.  4  and  6  of  last  Table,  and  is  as  follows : — 


Carbonate  of  lime, 

69-72 

Carbonate  of  magnesia. 

3-02 

Sulphate  of  lime, 

312 

Alumina, 

3^ 

Sihca,     . 

1200 

Its  physical  appearance  differa  from  the  others.  It  is  a  hard^ 
thin  layer,  and  has  the  appearance  of  the  lime  having  crystallised 
as  carbonate  in  contact  with  the  wall. 

No.  1  of  this  seiies  is  a  concrete  found  at  the  foundation  of  an 
arch.  It  is  very  hard,  and  composed  of  fragments  of  brick  and 
other  porous  substance,  measuring  from  an  inch  square  to  the  size 
of  a  small  pea,  cemented  together  by  lime.  The  analysis  in  Table 
is  of  the  whole  mass  ground  together. 

No.  12  is  a  pozzolanos.  This,  you  are  aware,  is  a  volcanic  pro- 
duct, and  is  highly  recommended  as  an  ingredient  in  hydraulic 
mortar.  Th^e  samples  shew  that  it  was  in  common  use  for  all 
mortars  in  Italy.  The  lime  and  magnesia  exist  in  it  as  silicates, 
formed,  no  doubt,  by  heat.     Its  composition  is  as  follows : — 


Silica^     . 
Alomina, 
Silicate  of  lime,  . 
Silicate  of  magnesia, 
Peroxide  of  iron. 


46-20 

24-24 

9-36 

3-38 

8-80 


No.  13  is  a  kind  of  concrete,  made  up  with  fragments  of  pozzo- 
lanos, and  may  not  be  ranked  as  a  mortar.     At  the  same  time  it 
may  be  remarked,  that  all  the  other  samples  partake  more  or  less  of 
the  same  character,  the   non-active  part  of  the  mortar  being  in 
small  lumps,  and  have  all  a  large  proportion  of  silica  and  alumina, 
and  a  comparatively  small  proportion  of  lime.     They  range  from 
28  lime  to  39*5  silica  and  alumina  to  9*8  lime  to  60-7  silica  and 
alumina.     Nos.  3,  4,  11,  and  15  have  had  the  non-active  portion 
added  in  fine  grains,  small  fragments  of  brick,  however,  being  seen 
diffused  through  some  of  these.     Nos.  2,  8,  and  10  are  wonderfully 
similar  in  their  composition  and  physical  appearance ;  Nos.  2  and  8 
are  from  the  stair  tabularum,  and  No.  10  is  the  lining  of  a  water 
trough,  and  is  of  the  same  character  as  the  cement  lining  the  water 
dstem  on  Mount  Zion.    The  latter  has  more  lime  and  less  alumina 
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and  silica,  but  it  may  be  that  part  of  this  lime  was  added  as  lime- 
stone. 

The  other  samples  have  the  non-active  ingredients  in  different 
degrees  of  coarseness,  some  of  them  more  like  fine-grained  concrete, 
made  with  fragments  of  brick   or  pozzolanos,  and   shew  in   the 
.  analysis  a  large  proportion  of  silica  and  alumina. 

As  already  stated,  had  I  been  able  to  give  the  dates  of  these 
mortars  and  cements,  it  would  have  added  much  to  the  interest  of 
this  inquiry,  and  might  have  enabled  us  to  trace  the  development 
of  the  art  of  mortar-making  to  our  present  system  of  lime  and  sand. 
So  far,  however,  as  this  inquiry  has  gone,  it  appears  that  the  Roman 
mortars  are  different  from  those  used  in  Palestine,  Greece,  and 
^^yp^  When  the  practice  of  using  sand  was  introduced  is  not 
certain.  Vitruvius,  who  lived  before  the  Christian  era,  says  that 
sea  sand  is  not  good  for  mortars,  and  Pliny  refers  to  the  use  of  sand 
in  making  mortars  in  liis  day. 

In  Vicat's  book  upon  cements  and  mortars  there  are  several 
analyses  of  Koman  and  other  mortars  used  for  building  walls  and 
other  buildings,  some  of  them  during  the  first  century  of  our  era, 
which  shew  that  they  were  made  with  lime  and  sand.  For  the 
purpose  of  comparing  the  mortars  made  with  sand  and  lime  that 
have  stood  the  test  of  time  with  some  of  our  modern  mortars,  I 
select  a  few  analyses  giving  the  relation  of  lime  to  silica. 

From  Eoman  wall,  built  Ist  century, 

From  Roman  tower,  built  Ist  century, 

From  Pagoda  in  India^  14th  century, 

From  Indian  tomb,  16th  century. 

From  Indian  tomb,  17th  centur}% 

An  analysis  of  first-class  mortar  used  in  Glas- 
gow, made  by  Mr.  Tatlock, 

Various  analyses  of  mortars  used  in  Glasgow  in  \ 
different  buildings  within  these  few  years,  > 
ranged  from     .  .  .  .  ) 

Mortars  such  as  these  last  require  no  comment.  I  would  only  add 
that,  independent  of  the  paucity  of  lime  compared  with  silica,  there 
is  also  much  depending  on  the  way  that  the  lime  and  sand  are  mixed 
or  the  mortar  is  prepared.  It  is  no  uncommon  thing  to  see  in  such 
mortar  small  particles  of  lime,  the  size  of  barley  grains,  that  are  thus 
useless.  There  is  no  such  thing  seen  in  properly  prepared  mortar; 
and  I  have  seen  where  such  mortars  are  used  that  after  it  has  dried 
in  the  wall,  if  the  thin  crust  or  skin  of  the  surface  be  broken,  the 
sand  runs  out  as  if  tapping  a  ball  of  sand,  the  lime  never  having 
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got  round  the  sand  grains.  In  all  the  ancient  mortars,  whether 
the  non-active  ingredient  be  sand  or  other  matter^  every  particle 
is  snrrotinded  and  cemented  together  by  the  lime.  I  think  our 
mortars  are  too  hurriedly  prepared.  Pliny  says  that  in  his  day 
the  Romans,  in  making  mortar  with  sand  and  lime,  allowed  them  to 
stand  a  year  mixed  before  using,  and  gives  the  proportions  of  lime 
and  sand  as  two  parts  river  or  three  parts  pit  sand  to  one  of  lime. 
The  late  Mr.  Smeaton  allowed  for  a  good  mortar  one  measure  of 
burned  lime  to  two  measures  of  good  sharp  sand;  but  no  quality  of 
lime  being  named,  makes  this  rather  indefinite.  In  Molesworth's 
Guidey  generally  used  by  practical  men,  he  gives  one  lime  to  three 
to  three  and  a-half  sand.  An  extensive  builder  in  the  neighbour- 
hood informs  me  that  the  usual  proportions  for  a  good  quality  of 
mortar  is  one  cart  of  Scotch  lime  to  three  carts  of  sand,  or  one  cart 
Irish  lime  to  five  carts  sand.  Mr.  Tatlock,  after  many  careful 
trials,  found  the  weight  of  a  cubic  foot  of  limeshell  in  pieces  as 
delivered  to  the  builder,  to  be  62  lbs.,  and  a  cubic  foot  of  sand 
80  lbs.  Supposing  the  limeshell  to  be  pure,  this  would  make  by 
weight  one  of  lime  to  3*8  of  sand;  but  limeshell  is  far  from  being 
pure  lime.  The  mean  of  several  analyses  made  several  years  ago 
of  shell  made  from  Scotch  limestone  from  different  localities  gave^- 


Lime,       ...... 

66-5 

Magnesia,             ...... 

2-3 

Oxide  of  iron  and  alumina,          .            .            .            . 

13-2 

Silica,       ....... 

6-4 

Moisture,             ...... 

11*6 

1000 


The  moisture  varies  according  to  the  time  the  shell  has  been 
exposed.  You  will  thus  see  that  one  measure  of  shell  of  this 
quality  to  three  measures  of  sand  is  quite  different  from  the  above. 

Mr.  Tatlock  favoured  me  with  an  analysis  of  a  first-class  mortar, 
used  in  some  buildings  in  Glasgow,  that  will  compare  favourably 
with  any  mortar  either  ancient  or  modem,  provided  the  ingredients 
were  properly  mixed: 
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For  comparisoD,  I  will  add  Dr.  Wallace's  tests  of  a  number  of 
mortars  made  a  few  years  ago,  giving  only  the  proportions  of  lime 
and  sand : 

Belmont  Crescent.  Brick  Work.      Other  Boildingi. 

12345678 

Pare  lime,   .        10*98      913    11-00    10*14      9-63    12*54      6*41    1134 
Pore  sand,  .        7157    7800    75  59    71*30    73*93    4910    77*09    76*73 

These  vary  from  1  lime  to  5*5  sand  to  1  lime  to  12  sand.  It 
not  being  my  purpose  in  this  paper  to  enter  into  a  discussion 
upon  our  present  system  of  mortar-making,  I  would  simply  suggest 
that  architects  change  the  indefinite  system  of  one  cart  limeshell  to 
three  carts  sand,  to  a  definite  system  of  so  much  by  weight  of  sand 
to  a  given  weight  of  a  given  quality  of  limeshell^  as  a  cart  of  lime- 
shell  varies  from  IG  cwts.  to  22  cwts.,  and  even  of  sand  there  are 
carts  and  carts. 
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XIY. — ExperimeTiia  illtisPraHng  Rigidity  produced  by  Cenbifugcd 

Force.    By  John  Aitken,  Esq. 


[Bead  before  the  Society,  Febraaiy  23,  1876.] 


If  an  endless  chain  is  hung  over  a  pulley,  which  is  mounted  on  a 
horizontal  axis,  and  the  pulley  is  caused  to  rotate  at  a  great 
velocity,  it  is  well  known  that  the  motion  so  communicated  to 
the  chain  has  but  little  tendency  to  change  the  form  of  the  curve 
in  which  the  chain  hangs,  and  that  the  principal  effect  of  the 
motion  is  to  confer  on  the  chain  a  quasi-rigidity,  which  enables  it 
to  resist  any  force  tending  to  alter  its  curvature.  This  statement 
must  not,  however,  be  accepted  as  representing  the  facts  of  the 
case  very  accurately;  for  while  it  may  possibly  be  true  of  some 
ideal  form  of  chain,  yet  in  all  chains  we  can  experimeut  on  there 
are  forces  in  action  in  the  moving  chain  which  cause  it  to  depart 
from  the  form  it  had  while  at  rest,  and  if  these  forces  were  not 
balanced  by  gravitation,  the  form  of  the  chain  would  soon  become 
very  different  firom  what  it  was  while  at  rest. 

I  shall  refer  to  these  disturbing  forces  later  on.  For  the  present 
we  shall  neglect  them,  as  in  most  kinds  of  chains  they  are  small, 
and  suppose  that  the  tension  just  balances  the  centrifugal  force  at 
all  points.  The  following  experiments  were  made  to  illustrate  the 
balance  of  these  forces : — to  shew  that  into  whatever  curves  we 
may  bend  the  chain  while  in  motion,  the  centrifugal  force  has  no 
tendency  to  alter  these  curves : — to  shew  that  all  forms  are  forms 
of  stability,  as  far  as  the  centrifugal  force  is  concerned. 

It  is  unnecessary  here  to  enter  on  the  mathematical  consideration 
of  the  balance  between  the  centrifugal  force  and  the  tension  in  the 
moving  chain.  Those  who  wish  to  do  so  will  find  the  subject  fully 
treated  in  Thomson  and  Tait's  Flementa  of  NtUurcU  Philosophy. 

The  first  experiments  were  to  shew  the  effect  of  destroying  the 
balance  between  the  centrifugal  force  and  the  tension.  In  these 
experiments  some  length  of  the  lower  part  of  the  chain  was  allowed 
to  rest  on  a  platform,  so  that  the  motion  of  the  descending  links 
might  be  destroyed,  thus  removing  the  tension  in  the  links  pro- 
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duced  by  the  centrifugal  force.  The  chain  was  caused  to  take  up 
sufficient  velocity  by  being  pressed  against  the  driving  pidley  by 
means  of  an  elastic  wheel. 

Experiment  I. — "When  the  chain  is  pressed  on  the  descending 
side  at  the  point  where  it  leaves  the  pulley,  there  is  no  alteration 
in  the  path  of  the  chain,  because  the  chain  after  it  leaves  the 
pulley  is  moving  in  a  straight  line,  and  as  there  is  no  deviating 
force  there  is  no  centrifugal  force,  and,  therefore,  removing  the 
tension  in  the  chain  has  no  effect  on  the  direction  of  the  motion  of 
the  links. 

Experiment  II. — When  the  chain  is  pressed  at  a  point  a  little 
higher  up  the  pulley,  then  the  centrifugal  force  of  the  curved  part 
of  the  chain  resting  on  the  pulley  on  the  descending  dde,  being 
unbalanced  by  the  tension,  rises  from  the  pulley  and  is  shot  away 
from  it,  the  direction  of  its  motion,  where  it  leaves  the  pulley, 
being  a  tangent  to  the  pilley  at  the  point  where  the  chain  is 
pressed.  Of  course,  the  curved  part  of  the  chain  on  the  ascending 
side  of  the  pulley  also  tends  to  rise,  but  is  kept  in  its  place  by  the 
tension  produced  by  putting  the  chain  in  motion  after  being  stopped 
'by  the  platform. 

Experiment  III. — ^When  the  chain  is  pressed  on  the  ascending 
side  of  the  pulley,  the  chain  rises  up  off  the  pulley  in  a  some- 
what irregular  curve,  resting  on  the  platform,  and  touching  the 
pulley  only  at  one  point.  When  the  velocity  is  sufficient  to  raise 
it  to  a  certain  height  the  conditions  become  altered.  The  chain  in 
rising  takes  up  all  the  slack  chain  resting  on  the  platform,  and  a 
tension  is  produced  in  the  chain  by  the  centrifugal  force ;  and 
unless  we  can  keep  increcuing  the  speed  of  the  chain,  it  can  no 
longer  keep  in  its  elevated  position,  because  the  centrifugal  force  is 
now  balanced  by  the  tension;  and  as  the  force  of  gravitation  is 
now  unbalanced,  it  gradually  flattens  the  curve,  till  the  chain  again 
oomes  to  rest  on  the  top  of  the  pulley,  and  spreads  itself  out  in  an 
irregular  curve  on  the  platform. 

Experiment  lY. — At  the  beginning  of  the  previous  experiment, 
as  there  was  no  tension  to  balance  the  centrifugal  force  of  the  part 
of  the  diain  resting  on  the  pulley,  the  centrifugal  force  oyerosme 
the  force  of  gravitation,  and  caused  the  chain  to  rise  into  the  air. 
After  the  slack  chain  had  been  taken  up,  and  a  tension  had  been 
produced  in  the  <^ain  by  the  centrifugal  force,  the  centrifugal  force 
became  balanced  by  the  tension,  and  was  no  longer  free  to  orercome 
gravitatioB,  and  the  chain  began  to  fsdl.  At  this  point  its  &11 
may  be  stopped,  or  it  may  be  caused  to  rise  again,  by  destroying  the 
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teiifdfin  at  the  lower  part  oi  llie  chain.     If  we**dEiu3e  the  chain, 
iTwtead  of  meeting  the  platform  at  an  acute  angle,;  (c^*  strike  it  as 
nearly  as  possible  at  right  angles,  then  the  motion- *c^*the  chain 
where  it  strikes  the  platform  is  partly  destroyed,  and  the  'i^ain  again 
nseSf  and  may  be  kept  balanced  for  a  long  time  standing  Qin'  the 
platform  and  touching  the  driving  pulley  at  only  one  pointy    .7he 
reason  for  this  being,  that  if  we  partially  stop  the  motion  of-^jfe, 
links  by  causing  them  to  strike  the  platform,  or  if  we  alter  tlfo.- 
directioQ  of  their  motion  by  causing  them  to  strike  the  platform,.  •%' 
then  there  will  be  less  tension  in  the  lower  part  of  the  chain  than  •*  .v 
in  the  upper,  as  the  tension  will  be  only  that  due  to  partiaUy 
changing  the  direction  of  the  motion  of  the  links.     The  centrifugal 
force  of  the  upper  part  <^  the  chain  will,  therefore,  be  unbalanced, 
and  will  cause  the  chain  to  rise  and  keep  its   elevated  position 
against  the  force  of  gravitation.     If  we  give  the  platform  a  quick 
upward  motion,  the  chain  may  be  thrown  into  the  air,  and  again 
dropped  on  the  platform  like  a  solid  body. 

The  next  experiments  were  to  shew  that  centrifugal  force  will 
produce  sufficient  rigidity  to  enable  an  endless  chain  to  run  along 
the  ground  like  a  wheel.  A  short  endless  chain,  which  formed  a 
nearly  circular  loop,  was  hung  over  a  pulley  which  was  driven  at  a 
great  velocity,  the  chain  was  then  dropped  on  a  platform,  along 
which  it  ran  for  some  distance. 

It  is  not  necessary  that  the  chain  form  a  circular  loop  to  do  this. 
The  loop  may  be  tall  and  narrow,  and  will,  while  running  along, 
keep  the  longer  axis  of  the  curve  in  its  original  upright  position. 
Nor  is  it  necessary  that  the  chain  be  heavy.  A  watch-guard  was 
hung  over  a  pulley  about  8  inches  in  diameter,  forming  a  loop 
about  &  inches  broad  and  about  2  feet  high ;  and  it  also,  when 
thrown  off  the  rapidly  revolving  pulley,  glided  along  the  platform 
for  some  distance. 

Chaiaa  were  also  dropped  from  the  revolving  pulley  on  an 
iT>4i>liTMMl  polished  metal  surfieuae,  on  which  they  remained  in  rapid 
motioii  for  some  time. 

These  experiments  illustrate  the  balance  of  the  centrifugal  force 
and  the  tension,  only  when  the  motion  is  all  in  one  plane.  The 
next  experiment  was  to  shew  that  these  forces  also  balance  each 
other  when  the  motion  is  not  confined  to  any  plane,  but  is  con- 
stantly dianging  from  one  plane  to  another.  This  is  easily  illusr 
trated  by  means  of  a  circular  disc  of  paper,  or  any  other  flexible 
material,  mounted  so  that  it  can  rotate  on  its  centre.  If  we  bend  the 
disc  while  it  rotates,  we  find  that  the  bent  part  does  not  rotate  with 


102  ,/fhilosophieai  Sodely  cf  Glasgow. 

•  » » 
the  disc,  as  it. would  do  if  we  bent  it  before  putting  it  in  motion^ 

and  the  b^t-part  only  unbends  very  slowly,  as  there  is  no  centri- 
fngal  fojrc.e  -tending  to  unbend  the  disc,  and  the  elasticity  of  the 
disc  is  resiiffted  by  the  rigidity  produced  in  the  disc  by  the  motion. 
If  we-, load  the  circumference  of  the  disc  with  a  row  of  flattened 
pjeJki»'of  shot,  we  increase  the  rigidity  or  resistance  of  the  disc 
'WlilU  in  motion;  and  if  the  weight  is  such  that  it  just  balances  the 
"'^dasticity  of  the  disc,  then  the  bend  remains  in  the  same  place  for  a 
*i  *.'k)ng  time,  while  the  disc  is  rotating  rapidly.    The  disc  may  be  even 
/  bent  till  the  circumference  touches  the  centre,  and  while  the  bend 
keeps  its  position,  the  chain  of  shot  is  passing  through  many  dif- 
ferent planes;  and  as  the  tension  just  balances  the  centrifugal  force 
at  all  points,  the  disc  has  no  tendency  to  alter  its  shape. 

It  will  be  as  well,  before  proceeding  to  the  experiments  with  the 
horizontal  chain,  to  refer  to  some  of  the  disturbing  forces  in  the 
moving  chain,  which  tend  to  cause  it  to  change  its  shape.     When 
looking  at  a  chain  hung  over  a  pulley  in  rapid  motion,  the  most 
marked  effect  of  the  motion  which  we  notice  is  a  curious  reverse 
curve  in  the  chain,  just  after  the  chain  has  turned  at  the  lowest 
part  of  its  path,  and  has  begun  to  ascend,  and  looks  as  if  the  motion 
had  conferred  a  certain  degree  of  plasticity  on  the  chain,  which 
enabled  it  to  resist  being  unbent.     This  reverse  curve  has  been 
supposed  to  be  due  to  friction  in  the  chain,  from  the  great  tension 
produced  by  the  centrifugal  force.     But  that  this  is  not  the  true 
cause  is  easily  proved,  by  taking  two  precisely  similar  chains  and 
passing  one  of  them  through  a  flame,  so  as  to  dry  and  slightly 
oxidise  its  surface,  and  oiling  the  other  one.     The  only  difference  in 
the  two  chains  now  is,  that  there  is  more  friction  in  the  one  than  in 
the  other  while  in  motion.     If  we  hang  these  two  chains  over  two 
pulleys  of  the  same  diameters,  mounted  on  the  same  shaft,  so  as  to 
drive  both  chains  at  the  same  velocity,  we  find  that  the  oiled  chain 
has  the  reverse  curve  well  marked,  while  there  is  no  reverse  curve 
in  the  other  chain — the  effect  of  the  friction  being  to.  cause  the 
loop  to  open  out,  and  take  up  a  form  approaching  a  circle.     If  we 
compel  both  chains  to  take  up  the  same  curvature  at  the  bottom 
part  of  their  paths,  the  reverse  curve  is  notably  least  where  the 
friction  ia  greatest. 

Another  effect  of  the  motion  which  may  be  noticed  is  a  flattening 

of  the  curve  where  it  begins  to  turn  at  the  lowest  part  of  its  path, 

and  looks  as  if  the  chain  resisted  bending  at  that  part.     This  also 

has  been  supposed  to  be  the  effect  of  friction,  and  may  possibly  in 

part  he  doe  to  this  cause.     These  two  alterations  in  the  curvature 
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of  the  chain  are  both,  probably,  almost  entirely  due  to  the  change  of 
motion  which  takes  place  in  the  links  when  moving  in  a  path  of 
varying  curvature.  For  instance,  when  a  link  is  descending  the  flat 
part  of  its  path,  its  motion  is  almost  simply  one  of  translation,  whereas 
when  moving  round  the  curves  it  has  a  motion  of  rotation  as  well  as 
ti  motion  of  translation.  The  result  of  this  is,  that  the  link  resists 
the  force  tending  to  cause  it  to  rotate  at  the  entrance  to  the  curve, 
and  thus  flattens  out  the  curve  on  that  side;  and  after  the  rotation 
has  been  communicated  to  the  link,  it  tends  to  keep  this  rotation, 
and  thus  continues  the  curve  much  farther  round  than  if  the  chain 
were  not  in  motion.  This  tendency  to  cause  the  chain  to  continue 
curving  farther  round  would  cause  the  chain  to  deviate  farther  and 
&rther  from  its  original  shape,  if  it  was  not  resisted  by  the  tension 
produced  by  gravitation.  This  varying  rotation  of  the  links  also 
explains  why  the  quickest  part  of  the  curvature  is  not  at  the  lowest 
part  of  the  path  of  the  chain,  but  a  short  distance  up  the  ascending 
side. 

These  points  are  all  illustrated  by  a  chain,  in  which  the  links 
are  short  and  the  chain  as  thick  as  possible,  so  that  the  moment  of 
inertia  of  the  links  round  an  axis  perpendicular  to  the  plane  of 
motion  is  as  great  as  possible,  aud  the  moment  of  the  tension  round 
the  axis  of  the  link  as  small  as  possible.  Or  a  still  better  arrange- 
ment is  to  put  the  whole,  weight  of  the  links  on  one  side  of  the  line 
of  tension  through  the  links.  When  this  chain  is  hung  over  the 
pulley  and  put  in  motion,  the  reverse  curve  is  very  marked.  So 
great  is  the  eflect  of  the  varying  rate  of  rotation  of  the  links  in  this 
chain  that  they  never  take  up  a  steady  motion  of  translation — the 
links  are  constantly  rotating  too  quickly  one  way  or  the  other — 
which  gives  rise  to  well-marked  waves  all  the  way  up  the  one  side 
«of  the  loop  and  down  the  other. 

The  length  of  the  links  has  also  an  influence  on  the  curvature 
which  the  chain  will  assume  when  in  motion.  These  two  chains 
are  made  of  exactly  the  same  size  and  kind  of  wire.  They  are 
alike  in  every  respect  except  in  the  length  of  link.  When  these 
i;wo  chains  are  hung  over  the  two  pulleys  and  driven  at  the  same 
•velocity,  the  chain  with  the  largest  links  opens  out  and  tends  to 
take  up  a  circular  form — the  smallest  links  keeping  nearest  the 
form  the  chain  had  when  at  rest.  In  the  large-link  chain  there  is 
no  reverse  curve,  while  it  is  well  marked  in  the  short-linked  one. 

An  elastic  cord  in  rapid  motion  will  also  tend  to  assume  a  circular 
form,  because  the  strain  at  the  quick  curves  will  tend  to  open  them 
o«t,  for  the  same  reason  that  it  would  do  so  if  the  cord  were  at  rest. 
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An  elastic  cord,  when  in  motion,  does  not  take  a  reverse  curre,  like 
a  chain,  because  its  tendency  to  do  so  is  resisted  by  the  strain  of 
the  material. 

In  all  these  experiments  gravitation  acted  on  the  chains,  so  that 
whatever  form  we  might  impress  on  them,  gravitation  soon  restored 
them  to  their  original  forms.  An  attempt  was  therefore  made  to 
get  quit  of  this  disturbing  force  of  gravitation.  Different  ways  were 
tried  of  effecting  this,  but  none  of  them  were  completely  successful. 
The  next  experiment  shews  the  most  successful  method  tried — 
namely,  suspension.  The  chain  is  hung  by  a  number  of  line  cords- 
to  a  circular  disc  of  metal,  capable  of  rotating  freely  about  a  vertical 
axis,  and  placed  as  far  above  the  chain  as  possible.  Motion  is  com- 
municated  to  the  chain  by  means  of  a  horizontal  pulley  running  on 
a  vertical  axis,  and  to  give  sufficient  friction,  the  chain  is  pressed 
against  the  pulley  by  means  of  an  elastic  wheel.  The  centre  of 
suspension  is  made  movable,  so  that  it  may  be  kept  vertically  over 
the  centre  of  gravity  of  the  chain,  whatever  shape  the  chain  may 
take.  The  chain  so  suspended,  and  in  rapid  motion,  retains  for  a 
considerable  time  whatever  form  we  may  please  to  give  it.  It  may 
be  moulded  into  a  most  complicated  series  of  curves,  and  though  it 
resists  any  effort  made  to  alter  these  curves,  it  has  itself  but  little 
tendency  to  do  so. 

If  we  observe  the  chain  closely,  we  shall,  however,  find  that 
the  disturbing  forces  already  referred  to  are  acting  on  the  chain 
and  tending  slowly  to  change  its  curvature.  For  instance,  if 
we  keep  the  point  of  suspension  always  over  the  centre  of  gravity 
of  the  chain,  we  shall  find  that,  after  some  time,  the  chain  will  take 
up  a  circular  form.  This  is  caused  by  friction,  length  of  links,  and 
other  causes.  Again,  the  effect  of  the  varying  rate  of  rotation  of 
the  links  on  their  own  axis  is  also  well  marked,  especially  if  we 
give  the  chain  a  quick  curve  at  any  point.  Its  effect,  however,  is 
quite  different  from  what  we  get  when  the  chain  is  hung  over  the 
driving  pulley.  When  the  chain  is  hung  over  the  pulley,  there  is  a 
tension  due  to  the  weight  of  the  chain;  this  tension,  coupled  with  the 
rotation  of  the  link,  gives  rise  to  the  wave  form  which  some  forms 
of  chains  were  seen  to  take  up.  The  tension  due  to  the  centrifugal 
force  has  no  such  effect.  When,  therefore,  the  chain  is  suspended, 
and  the  effect  of  gravitation  removed,  there  is  no  tension  preventing 
the  chain  from  continuing  to  curve  always  in  the  same  direction; 
and  if  the  chain  used  has  been  specially  prepared  to  shew  the  effect 
of  the  varying  rotation  of  the  links— such  as  the  one  used  in  a  pre- 
vious experiment — the  chain  goes  on  bending  farther  and  fi^rther 
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rovnd,  till  it  comes  into  collision  with  the  part  of  the  chain  coming 
in  the  opposite  direction,  and  stops  the  motion,  even  though  the 
chain  at  that  part  is  bending  out  of  the  way,  on  account  of  the 
resistance  offered  by  the  links  at  that  part  to  rotation  on  their  axis. 

An  extremely  interesting  series  of  experiments  may  also  be  made 
with  a  long  chain,  forming  a  loop  of  10  or  15  feet,  and  hung  over  & 
pulley  rotating  at  a  great  velocity  on  a  horizontal  axis. 

If  the  chain  is  struck  on  the  descending  side  of  the  loop  at  & 
point,  say,  near  the  pulley,  then  the  wave  so  formed  travels  down 
the  one  side  of  the  loop  and  up  the  other  side  so  rapidly  that  the  eye 
cannot  follow  it.  After  the  wave  strikes  the  pulley  on  the  ascend- 
ing side,  it  is  reflected  from  it,  travels  very  slowly  down  the 
ascending  side  of  the  loop,  gradually  becoming  smaller  and  smaller,. 
and  dies  out  before  it  reaches  the  bottom. 

If  we  strike  the  chain  on  the  ascending  side  at  a  point  a  short 
distance  below  the  pulley,  then  one  wave  slowly  travels  down  the 
chain,  while  the  other  is  carried  rapidly  up  with  the  chain  to  the 
pulley,  where  it  is  reflected,  and  travels  down  the  chain.  And  as 
this  reflected  wave  travels  more  rapidly  than  the  wave  in  front  of 
it — on  account  of  the  greater^  tension  at  the  wave  farthest  up  the 
chain — it  overtakes  the  first  wave,  and  the  two  form  one,  and  travel 
to  the  bottom  together. 

If  we  temporarily  fix  another  pulley  at  a  point  about  2  or  3  feet 
to  the  one  side  of  the  driving  pulley  and  on  the  ascending  side  of 
the  pulley,  and  pass  the  chain  over  it  from  the  driving  pulley,  and 
then  press  the  chain  at  a  point  between  the  two  pulleys  with 
another  pulley,  so  as  to  bend  the  chain  into  an  CO  form  ;  then,  on 
suddenly  removing  the  two  temporary  pulleys,  and  allowing  the 
chain  to  bear  only  on  the  driving  pulley,  the  following  three  points 
may  be  noticed : — 

I.  The  slowness  of  the  descent  of  the  CO  form.  If  the  speed  of 
the  chain  were  infinitely  great  the  rate  of  fall  would  be  infinitely 
slow.  • 

II.  The  peculiar  balance  of  the  chain.  The  chain  does  not  swing 
as  a  solid  body  would  do,  so  as  to  bring  the  centre  of  gravity  under 
the  suspending  pulley ;  but  the  descending  side  of  the  chain  keeps 
the  same  position  it  had  before  the  pulleys  were  taken  away. 

III.  At  the  moment  the  pulleys  are,  taken  away  a  quasi- 
elasticity  may  be  noticed.  The  chain  falls  rapidly  for  a  short 
distance,  then  stops,  and  rises  a  little,  and  then  falls  again — ^thus 
making  two  or  three  vertical  oscillations  before  it  settles  down  into 
a  steady  descent.    These  oscillations  are  probably  caused  by  the 
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anbaknced  tension,  due  to  tlie  wei^it  of  the  dudn  m^j^^^^^^  itself 
after  tlie  support  of  the  pollejr  which  bore  one-half  of  the  weight  oC 
the  chain  has  been  removed. 

Another  experiment  maj  be  made  bj  pasang  the  chain  at  the 
side  of  the  loop  ronnd  a  poUej,  so  as  to  form  a  complete  cirde, 
and  withdrawing  the  pollej  when  the  chain  is  in  r^iid  motion. 
When  this  is  done  the  chain  does  not  stretch  itself  oat  straight 
again,  bnt  the  circular  loop  projecting  on  the  side  of  the  chain 
slowlj  descends,  its  shape  becoming  sli^tl j  elongated  downwards 
bj  the  action  of  gravitation.  We  maj  even  pass  the  chain  twice 
.ronnd  the  pnllej  with  a  like  result,  when  the  pallej  is  removed. 
If  we  coald  get  quit  of  the  effect  of  gravitation,  we  might  pass  it 
round  the  pullej  as  many  times  as  we  wish,  and  thus  form  a  spiral 
which  would  keep  its  shape  after  the  core  was  removed.  Or  we 
might,  as  suggested  bj  Sir  William  Thomson,  tie  a  knot  on  the 
chain.  If  we  put  the  chain  in  motion  in  this  form,  it  would  have 
no  tendency  to  alter  it,  and  the  knot  instead  of  being  carried  round 
with  the  chain,  would  keep  its  place. 
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XV.— On  the  Current  Doctrines  of  Attracti4m  and  Energy — a  Kinetic 
Theory  of  the  Cosmos — and  an  Appendix  on  the  Influence  of  the 
Positions  and  Motions  of  the  Orbs  of  the  Solar  System  on  Terres- 
trial Magnetism  and  Allied  Phenomena,  By  Henry  Muirhead, 
M.D.,  Cambufllang. 


[Read  before  the  Society,  March  8,  1876.] 


Jx  the  beginning  of  the  Session  I  read  a  paper  on  "  The  (Genesis  of 
Atoms,  Worlds,  and  Sun-spots."  •  Having  in  the  portion  condensed 
in  the  abstract  stated,  among  other  remarks,  that  "  I  consider  the 
current  doctrine  of  attraction  more  extravagant  than  any  dogma 
ever  adopted  by  saintly,  scientific,  or  savage  man,"  I  purpose  on 
the  present  occasion,  while  discussing  the  current  doctrines  of 
energy,  to  give  some  reasons  for  my  holding  such  opinion. 

As  I  will  often  have  occasion  to  make  use  of  the  term  molecule, 
I  ought  to  mention  that  by  it  I  mean  the  smallest  portion  of 
matter  which  has  the  qualities  of  the  body  of  which  it  is  a  part; 
80  may  be  composed  of  one  or  several  chemical  elementary  atoms; 
oftenest  only  one  in  this  paper. 

Among  the  generality  of  physicists  the  theory  of  the  universe  at 
present  most  fashionable  is  somewhat  as  follows,  at  least  as  far  as 
I  can  make  out.  It  is  conceived  that  originally  all  molecules  of 
matter  stood  apart  from  each  other,  but  that  each  had  the  power 
given  it  of  attracting  every  other  molecule  in  the  universe.  It 
mattered  not  how  distant  any  of  them  might  be,  except — and  the 
exception  is  very  important— except  molecules  came  within  certain 
nearnesses  of  each  other,  when,  instead  of  attracting,  they  repel. 
It  is  not  stated  why  or  how  this  countermanding  operation  takes 
place;  but  if  the  voyaging  molecules  can  by  any  means  get  across 
this  bar,  it  seems  that  attraction  comes  into  full,  fierce  play  once 
more.  This  repelling-bar  phase  does  not  seem  quite  in  accordance 
with  the  law  that  "  attraction  varies  inversely  as  the  square  of  the 
distance,"  and  we  are  not  told  whether  the  molecules  were  gener- 
ated with  their  attracting  and  repelling  endowments,  or  had  these 
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imparted  subsequently,  as  magnetisiiig  power  may  be  imparted  to 
grouped  molecules  of  iron.     At  all  events,  as  soon  as  molecules  of 
matter  exerted  their  power  in  either  fashion,  motion  of  molecules 
commenced — ^that  is  to  say,  potential  energy  began  to  be  trans- 
formed into  kinetic  energy.     Whatever  the  order  of  procedure 
among    primordial   events    may  have  been,   attraction    at    some 
distances,  and  in   some  circumstances,  and  repulsion  at  and   in 
others,  are  the  acknowledged  fountains  of  all   potential  energy, 
and  potential  the  parent  of  all  kinetic.     Then  kinetic  modes  of  pro- 
gression— of  motion — have  as  many  appellations  as  a  horse's.     A 
horse's  may  be  walking,  trotting,  backing,  leaping,  cantering,  gal- 
loping, &c.     Matter's  kinetic  modes  of  motion  may  be  mechanical, 
chemical,  magnetic,  electric,  crystallic,  thermal,  photal,  with  other 
vital  modes,  &c.     A  horse  having  parted  with  a  portion  of  energy 
in  any  one  mode,  as  by  neighing,  cannot  use  it  again  in  any  fashion^ 
as  by  eating  or  kicking.     A  molecule  having  parted  with  some 
kinetic  energy  in  any  fashion,  cannot  make  use  of  it  again;  but  the 
molecule  which  received  it  may,  or  rather  is  used  by  it.     Now, 
although  kinetic  energy  cannot  make  two  foot-pounds  into  four, 
it  would  seem  otherwise  with  attractive  potential  energy;  for  it 
appears  that  however  oflen  molecules  and  larger  masses  may  be 
forced  apart,  they  can  and  will  be  drawn  together  again  by  attrac- 
tion.   In  fact,  the  amount  of  kinetic  energy  capable  of  being  created 
by  any  molecule's  attraction  is  apparently  inexhaustible.     It  is  of  no 
impoverishing  consequence  to  attraction  how  much  or  how  oflen 
kinetic  energy  may  be  dissipated.     Well,  this  dissipated  energy  in 
the  guise  of  a  cool  form  of  heat — of  thermal  motion — at  length  gets 
on  the  backs  of  entities  of  ether,  like  the  fabled  old  man  of  the  sea, 
and  is  harder  to  get  rid  o£     For  it  is  represented  that  the  mole- 
cules which,  according  to  physicists,  were  primordially  endowed 
with  the  powers  of  attracting  and  repelling,  and  with  the  liability 
to  be  moved,  will  be  finally  compressed   dark  and   cold  in  the 
grip  of  attraction,  after  having  been  less  or  more  dragged  and 
kicked  about,  like  footballs,  between  potential  and  kinetic  energy, 
the  latter,  I  imagine,  being  assisted  by  repulsive  force.    WLeii 
this  long  and  tough   struggle  betwixt  sire  and   son  about  each 
molecule  is  ended,  motion  will  be  doomed  to  amuse  itself  eternally 
with  ethereal  morsels  of  matter,  immeasurably  lighter  than  air. 
Since  it  seems  that  attraction  either  deems  these  ethereal  entities 
beneath  its  notice,  or  cannot  compel  them  to  come  under  its  sway, 
so  they  are  left  to  the  tender  mercies  of  thermal  motion  in  its 
chilliest  mood. 
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I  liave  stated  that,  according  to  the  foregoing  theory,  the  attrac- 
tive  potential  energy  of  molecules  appears  to  be  inexhaustible,  being 
on  all  available  occasions  evolved  by  molecules  from  the  depths 
of  their  own  tenconsdousness,  transformed  into  kinetic  energy  by 
the  process  of  moving  themselves  or  other  molecules,  and  in  the 
majority  of  instances  in  a  great  measure  changed  into  thermal 
motion,  when  the  moving  molecules  are  brought  to  a  standstill 
through  the  influence  of  others.     It  may  be  well,  therefore,  to 
look  a  little  more  minutely  into  this  allegation,  so  as  to  satisfy 
ourselves  that  what  we  have  alleged  is  really  implied  in  the  theory, 
as  expounded  by  its  upholders.     They  state  that  when  a  body  is 
raised  from  the  ground,  and  left  unsupported,  attraction  immedi- 
ately drags  it  down,  accelerating  its  motion  the  farther  the  distance 
it  is  dragged;  that  at  last,  when  the  falling  body  strikes  the 
ground,  the  kinetic  mechanical  energy  which  the  potential  energy 
of  attraction  generates  during  its  descent,  gets  transformed  into 
beat,  and  in  too  many  instances  is  largely  lost  to  the  category  of 
available  energy.     Moreover,  this  may  be  done  millions  of  times, 
and  always  with  the  same  result — the  creation  of  new  kinetic 
energy,  and  the  banishing  of  a  part  of  it,  as  often  as  kinetic  energy 
raises  a  body  and  allows  it  to  drop.     One  molecule  might  be  tested 
thus  incessantly  and  eternally  without  apparently,  as  the  doctrine 
goes,   ever  being  exhausted.     And  as  of  one  molecule,  so  of  all. 
So  that  if  the  Power  which  originally  created  all  molecules  apart  from 
each  other,  commanded  them  back  to  their  primordial  distances,  un- 
exhausted attractive  force  could  unite  them  once  more — ay,  and  do 
80  untenable  times.     At  least,  this  seems  the  doctrine  of  attraction 
carried  to  its  legitimate  issu&    But  it  is  unnecessary  to  have  recourse 
to  the  Creator  in  our  argument;  for  as  often  as  any  person  makes 
an  elastic  ball  rebound  from  earth,  the  portion  of  energy  he  has 
imparted,  which  goes  to  send  the  ball  up  into  the  air,  is  in  turn 
imparted  to  whatever  resists  its  ascent,  and  to  a  certain  extent 
thermally  becomes  a  portion  of  the  kinesis  of  the  universe ;  while 
a  totaDy  new  portion  of  kinetic  energy  is  created  every  time  the 
ball  is  pulled  back  by  attraction.     So  that  every  ragged  urchin 
possessed  of  a  ball  goes  about  inciting  attraction  to  create  new 
portions  of  kinetic  energy,  in  direct  defiance  of  the  irrefragable 
doctrine  or  law  of  its  conservation.    In  fact,  is  daily  employed  in 
assisting  to  make  the  final  thermal  ocean  (Clausius'  entropy)  a 
Httle  less  cool  than  it  would  otherwise  be.    It  is  scarcely  necessary 
to  point  out  the  application  of  the  prindple  to  every  molecule  in 
the  universe  as  often  as  it  is  attracted  back  from  its  rebound.    I 
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freely  admit  that  a  boy  with  a  ball  is  unable  to  induce  the  earth  to 
put  forth  more  attractive  energy  than  is  equivalent  to  the  energy 
which  his  food  gives  him ;  but  failure  on  his  part  is  no  proof  of 
failure  on  the  part  of  attractive  energy — of  its  power  to  do  further 
work — if  tried.  In  fine,  it  appears  to  me  that  scient  gentlemen 
having  used  attraction  to  measure  the  dynamic  relations  between 
thermal  and^mechanical  motion,  and  then  having  matched  the  latter 
two,  in  stating  the  result  of  the  contest,  have  quietly  assumed  that  a 
like  result  will  always  take  place  in  regard  to  attraction,  although  U 
has  never  been  fully  tested,  even  to  the  length  of  a  drawn  battle; 
and,  moreover,  that  it,  according  to  their  own  shewing,  will  never 
cease  operating  until  it  has  every  molecule  of  matter  in  its  maw — 
nor  then. 

Of  course,  the  creation  and  transmutation  of  energy  must  take 
place  in  the  rise  into  the  atmosphere  and  descent  of  every  molecule 
of  moisture,  and  millions  of  tons  are  raised  every  moment  and 
descend  again.  Here  let  me  note  parenthetically  that  the  kinetic 
energy  of  the  sun's  radiance,  while  acting  to  raise  this  enormous 
amount  of  moisture,  must,  I  think,  operate  to  push  the  earth 
farther  off  from  the  sun.  For  as  no  ball  can  be  forced  upward 
from  a  fire-arm  without  kicking  recoil — reaction  being  reckoned 
equal  to  action — so  neither  can  a  molecule  of  moisture  be  forced  up 
from  the  earth  without  its  operating  to  force  the  earth  away  from 
it  Of  course,  it  may  be  said,  the  earth,  in  attracting  the  moisture 
back  again,  will  compensate  for  the  previous  recoil ;  but  half  of  the 
moisture  is  drawn  down  on  the  dark  side,  and  so  will  rather  tend 
to  act  in  common  with  the  recoil  of  the  sunny  side.  It  ought  to  be 
noted  though,  that  most  of  the  work  occurring  near  dawn  and 
gloaming  should  be  left  out  of  the  reckoning. 

But  to  resume,  let  me  suppose,  further,  that  I  had  discharged  a 
bullet  vertically  from  a  rifle,  with  repulsive  force  enough  to  send  it 
as  high  as  Glaisher  ascended,  and  that  it  got  into  the  balloon-car 
and  lay  there  till  Mr.  Glaisher  recovered  consciousness  and  pitched 
it  out.  I  admit  the  expenditure  of  energy  from  the  rising  bullet 
to  overcome  the  resistance  to  its  ascent ;  but  I  decidedly  deny  that 
any  of  the  resisting  agents,  such  as  air  or  gravitation,  get  into  the 
bullet  in  its  course  upwards,  gradually  accumulating  inside,  or  even 
outside,  as  it  ascends,  and  that  these,  after  the  bullet  has  culminated^ 
assist  in  accelerating  its  progress  down  to  earth  again.  Neither  do 
I  suppose  that  any  of  the  attractionists  explicitly  advocate  this 
doctrine ;  although  Professor  Balfour  Stewart,  in  a  note  I  had  from 
him  last  October,  went  very  near  doing  so.     I  had  written — **  I  do 
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not  believe  in  '  Elnergy  of  Position.'  A  bullet  in  a  loaded  rifle,  a 
brick  at  the  top  of  a  chimnej,  or  a  head  of  water,  possesses  no 
augmented  ability  simply  from  its  position,  but  merely  augmented 
liability  to  be  pushed  into  motion — the  bullet  by  the  powder  ex- 
ploding, the  brick  and  the  water  by  gravitation,  when  the  bodies 
below  them  fail  to  be  able  to  bear  them  up  against  its  pushing 
influence."  His  reply  was — "  Can  you  not  say  of  a  lion  or  a  giant 
asleep  that  there  is  a  great  deal  of  energy  in  him."  Undoubtedly 
we  can,  and  most  undoubtedly  it  comes  from  food  swallowed.  It 
would  almost  seem  as  if  the  Professor  thought  the  bullet  in  rising 
had  swallowed  attractive  energy ;  and  that  a  cat  dead  and  a  cat 
asleep,  both  at  the  top  of  the  same  chimney,  had  each  the  same 
amount  of  energy.  I  do  not  suppose,  however,  that  this  is 
the  gravitation  doctrine  of  Professor  Stewart  and  scientific  gen- 
tlemen who  think  with  him.  But  if  it  be  not  so,  then,  on  the 
other  hand,  I  think  that  they  are  committed  to  the  conclusion,  that 
energy  is  created  anew  every  time  a  lifted  body  drops.  If,  as  we  have 
seen  reason  to  believe,  morsels  of  matter  which  get  separated  do  not 
imbibe  anything  during  the  process  of  separation,  then  under  the 
attracting  theory  there  must  he  &  de  novo  evolution  of  energy  to 
produce  the  movements  of  approximation  which  occur  to  bring 
them  together  again.  How  does  this  creation  consort  with  the 
doctrine  of  the  "Conservation  of  Energy  1"  I  have  no  doubt  but 
that  some  will  be  inclined  to  retort,  "  How  can  the  gunpowder  give 
out  energy  if  it  has  not  swallowed  it— imbibed  it — and  is  there 
any  more  improbability  in  the  bullet  imbibing  enei*gy  than  in  the 
powder  doing  so  1 "  Without  the  slightest  shadow  of  doubting  I 
reply, "  Yes."  In  my  view,  any  movement  of  matter  which  becomes 
latent  in  any  mass  organised  or  not,  yet  is  ready  to  reappear  on 
mere  change  of  molecular  state,  does  not  cease  from  moving,  but 
only  becomes  imperceptible  to  us  through  being  employed  whilst 
latent  in  moving  smaQer  particles  of  matter,  or,  at  all  events,  in 
moving  matter  in  some  mode  inappreciable  by  us  through  means  of 
the  senses  or  other  instruments  which  we  at  present  make  use  o£ 
Take  coal  as  an  instance.  I  do  not  doubt  that  the  unitial  groups 
and  particles  of  the  fuel  in  our  mines  have  for  millions  of  years  been 
rotating  and  whirling  round  each  other  with  velocities  at  least  as 
swift  as  light ;  and  that  when  the  molecules  are  broken  to  pieces 
by  the  hammerings  of  heat,  these  groups  and  particles  fly  off  in  all 
directions,  like  jail-birds  let  loose  in  a  riot,  and  that  the  fugitives 
are  known  to  us  as  heat  and  its  concomitants.  I  have  no  faith  in 
motionless  energy.    In  my  view,  motion  changed  into  non-motion — 
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into  mere  potentiality — is  motion  dead— dead  beyond  hope  of  resur- 
rection. So^that,  venturing  to  differ  a  little  from  Dr.  Tyndall,  I  beg 
to  suggest  that,  not  in  mere  matter,  but  in  matter  moving,  is  it,  that 
we  have  the  promise  and  the  potency  of  so  much. 

Again,  if  we  suppose  units  of  matter  to  be  really  units,  that  is, 
flo  small  and  so  simple  that  they  have  not  parts  which  can  have  any 
movements  that  are  not  merely  the  axial  or  progressive  movements 
of  the  whole  unit;  and  if  we  further  suppose  two  such  units  in  all 
respects  alike,  and  moving  apart  from  all  other  units,  to  come  with 
equal  velocities  fairly  against  each  other's  centre,  we  may  assume 
that  they  will  strike  some  amount  of  motion  out  of,  or  from  both, 
and  that  therefore  they  rebound  with  smaller  amounts  of  motion  than 
those  with  which  they  were  dashed  against  each  other.  There  are 
no  parts  capable  of  taking  on  vibrations,  either  of  thermal  or  any 
other  mode  of  motion,  and  there  is  (by  supposition)  no  other  unit 
in  contact  to  receive  the  motion  knocked  out  of  them.  Here  it 
seems  to  me  a  reasonable  conclusion  that  we  have  a  case  of  annihila- 
tion of  motion — of  destruction  of  kinetic  energy — ^without  its  being 
transformed  even  into  heat — that  receptacle  into  which  physicists 
oonsign  all  used  up,  and  unusable  energy.  And  if  this  may  take 
place  with  a  couple  of  lone  units,  it  may  also  take  place  with  any 
number  of  pairs  of  units  in  masses,  since  we  are  told  they  do  not  lie 
olose  together. 

So  much  by  way  of  criticism  on  the  current  doctrine  of  attraction, 
«nd  relative  thereto  of  the  doctrines  of  Energy  of  Position  and 
Conservation  of  Energy.  The  reducHo  ad  ahsurdum  character  of 
the  arguments  and  the  illustrations  employed  have  been  adopted 
with  the  view  of  placing  in  full  glare  the  seeming  inconsistencies 
of  the  doctrines  combated.  I  will  now  offer  a  few  remarks  in 
explanation  and  support  of  the  view  I  put  forward,  that  suppos- 
ing all  units  of  matter  to  have  been  primordially  endowed  with 
sufficient  axial  motion,  then  all  motions  and  aggregations  we 
observe  in  dead  or  live  matter  may  be  reasonably  considered  the 
results  of  the  interferences  of  units  and  groups  of  units  with  each 
other,  such  interferences  always  being  modes  of  pushing,  never  of 
attracting. 

If  such  mode  of  origin  and  evolution  of  all  known  bodies  be 
accepted,  it  appears  to  me  that  one  view  which  will  logically 
flow  therefrom  is  this :  that  Sir  William  Thomson's  thermal 
ocean  of  dissipated  energy  can  never  come  into  existence,  until 
each  unit  of  matter  returns  to  its  original  uninterfered-with  mode 
of  axial  motion,  and  even  then  the  motion  very  likely  will  not  be 
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thermal.  Of  coarse,  tinder  the  pushing  regime,  as  well  as  under 
the  attracting  theory,  units  may  have  their  motions  annihilated. 
But  the  end  of  the  system  wotdd  not  be  the  existence  of  a  single 
liuge,  cold,  dark  mass  on  the  one  part,  and  an  ethereal  ocean  or 
expanse  thermally  or  uniformly  moved  on  the  other;  for  each 
unit  which  had  any  motion  left  would  in  a  great  measure  twirl 
tdone  by  itself;  while  those  agglomerated  in  clusters  and  dead 
would  have  no  inherent  power  to  leave  their  charnel-houses. 
Then  would  chaos  be  come  again  and  reign,  unless  a  similar  or 
a  dissimilar  system  was  established  anew  or  instead  :  or  the  old 
be  ever  and  anon  supplemented  by  new  partial  creations — a  view 
somewhat  corresponding  to  that  held  by  many  modem  philosophers. 

So  then  with  respect  to  gravitation,  I  may  mention  that  my  view, 
curtailed  out  of  my  previous  paper  in  the  abstract,*  corresponds 
in  the  main  with  the  hypothesis  of  Le  Sage,  of  which  I  only  know 
from  the  handling  and  condemnation  of  it  by  Professor  Clerk 
Maxwell  in  his  article  "Atom,"  in  the  latest  published  volume 
of  the  Encyclop,  Brit  But  as  in  ray  hypothesis  (chemical)  atoms 
ture  not  solid  spheres,  perhaps  their  atmospheres  may  obviate  some 
of  his  objections. 

When  in  the  jostlings  of  units  of  matter,  some  get  crowded  to- 
gether which  happen  to  agree  in  a  co-operative  mode  of  moving, 
then  it  is  that  an  atom  gets  formed.  Thus  its  mass,  its  shape, 
and  its  movements — ^that  is  to  say,  its  qualities — are  dependent 
on  surrounding  circumstances.  The  more  external  units  of  the 
atom  will  receive  from  outsiders  more  blows  on  their  external 
sides,  which  on  the  whole  will  tend  to  keep  them  together.  Then 
each  atom's  mode  of  motion  will  tend  to  set  up  a  similar  set  of 
movements  among  neighbouring  units,  begetting  like  atoms,  which 
will  likewise  be  subject  to  more  buffets  from  the  outside,  which 
will  also  tend  to  condense  and  concrete  them  together.  And  so 
of  masses  of  any  dimensions.  The  larger  the  mass  the  thicker 
and  broader  the  bulwark  interposed  between  counter-approaching 
hosts.  Many  may  pierce  through  the  mass  as  through  a  thicket, 
and  many  get  their  energies  diverted  from  direct  charging  quite 
throughout,  by  joining  the  whirls  of  groups  moving  thermally 
or  latently,  and  radiate  off  in  such  time  and  manner  as  circum- 
stances compel. 

It  will  be  recollected  that  I  attributed  the  axial  and  orbital 
motions  of  worlds  to  the  formation  of  vast  cosmical  cyclones, 

•  Page  61. 
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whirlwind-like    moyements,    including    whole    sidereal     STstexna. 
Allotted  space  does  not  permit  my  dilating  here. 

Viewing  all  atoms  as  tiny  worlds  with  exceedingly  rapid 
rotational  velocities,  and  ihe  more  external  equatorial  units  as 
having  the  greatest  speeds  (like  those  of  our  own  atmosphere  in 
low  latitudes),  when  it  so  happens  that  from  approximation  of 
atoms  or  molecules — like  or  unlike — ^that  some  of  these  equatorial 
units  or  groups  get  displaced,  we  may  suppose  that  they  fly  off 
as  heat,  kc. — ^that  is  to  say,  as  units  and  groups  moving  radiatingly. 
And  I  may  as  well  add  here,  that  I  imagine  that  the  groups  as 
they  trundle  off  rotate  by  hundreds  of  billions  of  times  in  a  second 
— a  new  view,  so  far  as  I  am  aware,  of  the  Corpuscular  Theory. 
These  displacements  occur  in  most  chemical  combinings,  and  when 
steam  condenses  to  water.  "We  know,  however,  that  cases  occur  in 
which  heat  is  given  off  without  apparent  diminution  of  volume,  as 
when  water  freezes,  where  the  volume  actually  appears  to  enlarge. 
But  my  views  as  to  crystallisation  in  such  cases  I  reserve  to  another 
occasion. 

Lest  it  should  be  thought  that  I  stand  altogether  alone  in  my 
view  of  gravitation,  I  beg  to  quote  what  Sir  Isaac  Newton  says. 
Here  are  the  great  Newton's  own  words :  "  That  gravity  should 
be  innate,  inherent,  and  essential  to  matter,  so  that  one  body  can 
act  upon  another  at  a  distance,  through  a  vacuum,  without  the 
mediation  of  anything  else,  by  and  through  which  their  action  and 
force  can  be  conveyed  from  one  to  another,  is  to  me  so  great  an 
absurdity,  that  I  believe  no  man  who  has  in  philosophical  matters 
a  competent  faculty  of  thinking,  can  ever  fall  into  it." 

As  a  per-contra,  however,  I  will  now  quote  the  words  of  one 
second  to  no  living  physical  philosopher.  Professor  Clerk  Maxwell 
says,*  ''  K  in  order  to  get  rid  of  the  idea  of  action  at  a  distance, 
we  imagine  a  material  medium  through  which  the  action  is  trans- 
mitted, all  we  have  done  is  to  substitute  for  a  single  action  at  a 
distance  a  series  of  actions  at  smaller  distances  between  the  parts 
of  the  medium,  so  that  we  cannot  even  thus  get  rid  of  action  at 
a  distance."  This  is  true  enough  from  the  point  of  view  that 
portions  of  matter  never  touch;  otherwise  it  is  a  petitio  principii, 
and  as  such  I  regard  it. 

*  Article  "  Attraction  "  in  the  third  volome  of  the  Encyelop,  BrU,,  nintheditioBL 
The  qaotation  from  Newton  is  from  the  same  article.  Altiioogh  of  the  opinion 
for  years,  1  was  not  aware  until  I  saw  the  said  article  how  thoroughly  my 
view  coincides  with  Newton's.  It  might  reasonably  be  supposed  that  I  had 
parodied  from  him  those  words  of  my  own  which  I  quote  in  the  first  para- 
^aph  of  this  paper. 
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To  wtxid  tip  with  a  few  words  in  laudation  of  my  own  views. 
In  its  extreme  simplicitj'  and  directness;  in  its  demanding  no 
oontradictoiy  actings,  no  improbable  modes  of  operating;  in  its 
presenting  no  difficulties  in  regard  to  beating  down,  or  together, 
bodies  it  forces  to  fall  or  approximate;  and  finally,  in  its  apposite 
aooordanoe  with  the  great  doctrines  of  Continuity  and  Evolution, 
I  find  strong  recommendations  to  this  view  of  the  genesis  and 
development  of  the  cosmos.  Every  unit's  kinetic  energy  returns 
blow  for  blow  in  the  mighty  struggle  for  existence,  or  parties 
agreeing  to  a  sodal  mode  of  life  co-operate  together  in  harmony, 
in  larger  or  smaller  ^mounts  of  space,  in  longer  or  shorter  intervals 
of  time,  and  individuals  and  parties  are  constantly  dropping  into 
and  out  of  one  game  or  another,  even  as  occurs  in  the  living 
system  of  every  biod  (living  body)  upon  earth.  All  ever  varying 
in  aooordance  with  the  ever-operating  law  of  change — of  evolution 
— which  seems  to  me  directly  opposed  to  every  other  so  called 
immutable  law  of  Nature  (unchangeable  procedure).  Nothing 
is  to-day  as  it  was  yesterday^  and  all  will  be  altered  to-morrow. 

Appekdix. 

PjBaFESSOB  Guthrie,  in  his  Ekd/ridly  and,  Magnetism  (Collins), 
published  last  month,  says  (page  330),  ''  The  [balance  of  evidence 
ahewB  that  there  is  an  excess  of  declination  in  the  months  from 
September  to  March  inclusive,  and  a  defect  from  April  to  August 
indusive;  and  that  this  is  the  case  in  both  hemispheres."  Thus, 
it  appears  that  the  magnetic  declination  is  greatest  in  the  wake 
of  the  sun's  march  in  space,  or  at  all  events,  when  the  earth  is 
farthest  from  heliocentric  longitude  263J°.  Moreover,  it  is  worthy 
of  note,  that  in  the  diurnal  variation  of  inclination — the  dip — ^the 
TnaTiTOTiTn  occurs  at  a  later  hour  of  the  day  in  June  and  contiguous 
months^  as  well  as  six  months  later,  than  it  does  approximate  to 
three  months  before  and  after,  being  earliest  when  the  earth  is 
furthest  from  the  sun's  orbital  path. 

In  my  first  paper  I  quoted  from  Professor  Loomis's  chart.  From 
itj  also,  we  may  observe  that  the  magnetic  variation  periods  of  the 
declination  accord  with  the  sunspot  periods ;  and  assuming  that  I 
have  proved  that  the  latter  extend  over  eleven  years  and  ten  and  a 
half  months,  such  will  also  be  the  correct  period  for  the  cycle  of 
TOAgnftfii*  declination.  Professor  Guthrie  gives  tables  (pp.  329, 330) 
of  the  years  and  amounts  of  declination  and  inclination.  By  help 
of  thf  ff  I  find  that  the  magnetic  declination  was  0  in  1657^  and 
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that  it  reached  its  western  maximum  (24"^  38')  in  1818,  a  period  of 
161  years.  But  as  Jupiter  reached  R.A.  263|*  on  the  5th  January 
of  that  year,  if  the  maximum  did  the  same  then  the  period  would 
be  little  more  than  160  years.  If  we  suppose  this  western  decHnar 
tion  to  get  back  to  0  in  another  160  years,  the  two  will  make  320, 
being  half  of  a  complete  cycle  of  640  years — that  is,  on  the  supposi- 
tion that  there  will  be  a  like  declination  to  the  east  in  a  like  period. 
Well,  as  I  have  said,  in  1818  Jupiter's  heliocentric  longitude  was 
263^"*,  and  I  find  that  twenty-seven  of  Jupiter^s  periods  amount  to 
320J  years,  so  that,  on  the  above  supposition,  at  every  occurrence 
of  the  western  maximum — ay,  and  of  the  eastern  also — Jupiter's 
heliocentric  longitude  will  be  263f  °,  coiTesponding  with  the  point 
indicated  by  the  sun's  proper  motion  in  space.  Again,  the  maximum 
dip  or  inclination  (74®  42')  occurred  in  1723.  Let  us  add  to  this 
95  years.  This  brings  us  to  1818,  the  epoch  of  maximum  declina- 
tion, and  95  years  are  exactly  eight  of  Jupiter's  periods,  while 
95  X  4  =  380  are  close  on  thirteen  of  Saturn's  periods  of  orbital 
revolution.  For  Saturn,  from  his  size,  deserves  some  consideration; 
and  I  find  that  at  the  epoch  of  maximum  inclination  in  1723  his 
heliocentric  longitude,  as  well  as  Jupiter's,  was  263}**.  Next,  that 
eleven  of  his  orbital  periods  amount  to  323^,  little  more  than  the 
320,  and  that  three  times  320  =  960,  are  equal  to  the  Satumo-jovian 
cycle  of  secular  inequality,  929  +  29^  one  of  Saturn's  periods.  Is  it 
possible  that  La  Place  is  short  of  the  real  cycle  of  inequality  by  one 
of  Saturn's  periods — 29  J  years  ?  or  of  half  of  it  ?  since,  of  course, 
960  +  960  are  equal  to  three  times  640 — Le,,  1920  years.  Yenus's 
inequality  period  240  x  4  =  960  years.  The  effects  of  the  moon's 
varying  positions  and  their  causes  are  too  complex  for  this  paper ; 
but  I  may  mention  here  that  three  of  the  moon's  synodical  periods 
equal  Mercury's  year,  and  five  of  the  latter  two  of  Venus's  years, 
less  9^  days. 

Well,  whatever  view  we  may  take  of  gravitation,  whether  as 
potential  or  kinetic,  pulling  or  pushing,  there  must  be  some  Force 
in  action  which  compels  the  sun  and  sun-circling  bodies  to  tend 
towards  "  the  apex  of  the  solar  way ;"  and  another  force,  or  at  least 
a  force  acting  in  another  direction,  which  makes  the  bodies  circling 
round  the  sun  tend  towards  him,  and  that  in  a  plane  not  at  right 
angles  to  the  former  tendency.  Adopting  for  the  nonce  the  kinetic 
theory:  one  enormous  swarm  of  ethereal  pushers  will  be  constantly 
careering  through  the  earth  in  the  first — ^the  cosmical  direction  == 
heUocosmic  drift ;  and  another  enormous  swarm  unceaangly  coursing 
through  the  earth  in  the  second  direction  =  BolipeUd  drift.    But  the 
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eaiih  by  rotatmg  on  its  axis  will  tend  to  give  both  drifts  curves  in 
the  direction  of  its  rotation.  B7  the  action  of  this  rotation  also 
these  corvilineal  crossing  currents  will  be  further  complicated,  in 
consequence  of  the  sun's  radiating  =  edifugal  drift,  constantly  surging 
against  new  meridians — 1.«.,  in  ever  altering  directions. 

Although  I  may  be  stigmatised  as  a  dreamer,  I  think  that  the 
coincident  relationships  pointed  out  in  this  and  the  first  part  of 
my  first  paper,  justify  me  in  putting  in  ink  the  following  suite  of 
suggestions  or  inferences — ^viz.,  that  in  these  curving  drifts  we  may 
find  the  secret  of  Positive  and  Negative  currents,  and  that  in  electri- 
cally excited  and  magnetised  bodies  these  currents  are  Polarised. 
For  as  the  radiating  solar  or  other  photo-thermal  drift  is  com- 
posed  of  many  commingling  modes  of  moving  groups,  charging 
abreast,  which  may  be  polarised  and  made  to  file  off  in  two  separate 
divisions,  or  even  into  thermal,  photal,  actinal,  or  smaller  columns, 
as  we  see  in  the  spectrum,  so  we  may  suppose  that  gravitational 
currents,  commingling  and  galloping  abreast  from  all  quarters 
against  our  globe,  can  likewise  be  polarised,]  [so  that  the  first  two 
grand  swarms  are  separated  and  induced  to  take  distinct  routes, 
each,  of  course,  following  the  path  of  least  resistance  to  the  party 
pursuing  it.  Doubtless,  these  grand  currents  lent  a  hand  in 
arranging  the  movements  of  the  units,  atoms,  and  molecules  em- 
ployed in  building  up  the  body  of  the  earth  since  its  earliest 
existence ;  and  not  having  yet  ceased  from  exerciEong  very  potent 
sway,  are  the  inducing  causes  (causm  ^fficientes)  of  the  molecular 
changes  we  call  Chemical  Reactions,  with  their  Galvanic  currents.* 
Moreover,  as  the  violent  reunion  of  positive  and  negative  currents 
produces  a  most  potent  photo-thermal  current,  and  again  the  latter 
polarised  yields  up  both  the  former  in  returo,  are  we  not  justified 
in  suggesting  that  the  violent  collision  of  heliocosmic  and  solipetal 
currents  at  the  sun's  surface  may  be  a  very  influential  source  firom 
which  the  sun's  Radiating  drift  is  derived.  And  may  we  not  further 
suppose  Lightning  to  arise  from  the  reunion  in  the  atmosphere  of  such 
positive  and  negative  currents,  after  the  latter  has  been  in  part  driven 
from  serene  air  and  newly  formed  vapour  by  the  action  of  the  sun's 
radiating  drift.  Their  reunion  also,  after  being  started  by  sunspot 
effects,  may  occasion  the  lighting  up  of  Aurorse  ;  stDl  further,  this 
solifugal  drift  beating  before  it  the  matter  of  comets,  which  it  has 
in  a  great  measure  disintegrated  to  molecules,  f  may  be  the  cause  of 

*  ObMive  alao  that  idastidB  divide  and  unite.    The  Dividees  carry  Inherit- 
ance^ the  Unitees  Adaptation, 
t  See  middle  of  page  57. 
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tlie  formation  of  comet's  Tails,  the  denser  brush  being  Yiaible,  like 
the  dust  shot  from  a  volcano:  while  the  reunion  of  these  scattered 
particles  may  form  many  of  the  Meteorites  voyaging  in  space, 
lastly,  we  may  well  suppose  that  it  is  the  action  of  a  Jovian,  drif^ 
interfering,  more  or  less,  between  the  first  and  second  drifts  that  is 
the  cause  of  Jupiter's  apparent  influence  on  the  earth's  magnetiam 
as  seen  in  dip  and  declination;  modified,  of  course,  by  the  action  of 
the  axial  and  orbital  movements  of  the  earth  with  its  moon,  not  to 
speak  of  other  planets. 

I  only  add,  has  the  influence  of  the  heliocosmic  current  and  the 
evidently  very  strong  backwater  diifl  {dheliocoamu^  of  B.  A.  263f °y 
been  taken  into  account  in  calculating  the  planetary  perturbations 
by  Leverrier,  Adams,  and  others  ?  And  in  reference  to  the  earth 
itself,  I  beg  to  point  out  that  the  aheliocosmic  drift  more  closely 
coincides  with  and  aflects  the  earth's  solipetal  drift  about  our  mid- 
summer, than  at  any  other  period  of  the  year,  and  directs  its  influ- 
ence mainly  against  the  northern  hemisphere.  On  the  contrary,  the 
heliocosmic  dnft  is  always  directed  more  especially  against  the 
southern  hemisphere.  I  would  therefore,  with  all  due  deference 
to  &r  better  informed  meteorologists  than  I,  urge  the  probability, 
that  in  these  shifting  currents — shifting  in  consequence  of  our  alter- 
ing attitudes  and  positions  in  reference  to  them — combined,  of 
course,  with  our  diurnal,  seasonal  and  secular  changes,  must  lie 
hid,  at  least,  some  of  the  laws  on  which  to  found  a  real  science  of 
Meteorology,  including  Terrestrial  Magnetismi. 


Supplementary  Note  to  Page  55. — At  page  460  of  Vol.  xiiL  of 
Ncatwre  it  is  stated,  that  "  the  sunspot  minimum  has  not  yet  been 
reached"  (March,  1876).  As  Saturn  is  near  aphelion  when  at 
It.A.  2631°  (which  event  happened  last  in  the  spring  of  1870),  if 
we  allow  six  years  for  meteoric  matter  to  get  thence  from  him 
to  the  sun,  then  he  may  have  been  a  cause  of  the  paucity  of  sun- 
spots  now. 
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XVI. — DeieripUona  of  New  Species  of  Rugose  CoraJta  from  ike 
Carlxmiferous  Rocks  of  ScotUmd,  By  H.  Alleyke  Nicholsoit, 
M.D.,  D.Sc,  F.R.S.E.,  Professor  of  Natural  History  in  tlie 
University  of  St.  Andrews,  and  James  Thomson,  Esq.,  F.G.S. 


[Bead  before  the  Society,  March  8,  1876.] 


1h  the  following  paper  we  propose  to  give  short  descriptions  of 
some  new  species  of  Corals  from  the  Carboniferous  Hocks  of  Soot- 
land.  In  so  doing  it  will,  perhaps,  be  as  well  at  the  same  time 
very  briefly  to  define  the  genera  to  which  the  species  in  question 
belong,  these  genera  being  in  some  cases  new  or  imperfectly  under- 
stood. 

Genus  Koninckophyllum.     Nicholson  and  Thomson. 

C^eMric  Chafraders, — Corallum  simple  or  composite :  conical, 
cylindrical,  or  cylindro-conical  in  the  simple  forms;  fasciculate 
in  the  compound  forms.  Increase  in  the  compound  species  by 
calicular  gemmation.  Epitheca  complete,  thin,  with  encircling 
strisB  and  annulations  of  growth.  Calice  moderately  deep,  its 
margins  thin  or  everted.  A  central  tabulate  area,  occupied  by 
a  median  compact  columella,  is  present.  Septa  well  developed, 
but  not  continued  to  the  centre,  and  leaving  the  tabulse  exposed 
over  a  median  space.  A  septal  fossula  with  a  single  short  septum 
or  more  in  it  Dissepiments  largely  developed,  giving  rise  to  an 
extensive  exterior  zone  of  minutely  vesicular  tissue. 

The  corallum  in  this  genus  is  generally  simple,  but  sometimes 
becomes  composite  by  calicular  budding,  giving  rise  to  fasciculate 
masses.  The  simple  forms  are  of  small  size,  rarely  exceeding  two 
inches  in  length.  The  calice  is  moderately  deep,  and  exhibits 
at  its  bottom  a  flat  space  corresponding  with  the  tabulate  area, 
and  having  in  its  centre  the  styliform  prominence  of  the  columella. 
The  columella  is  compact  and  laterally  compressed;  as  seen  in 
longitudinal  sections,  it  forms  a  thin  median  line,  which  sometimes 
4ippears  not  to  be  continuous  from  the  floor  of  the  visceral  chamber 
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to  the  calice  ;  as  seen  in  transverse  sections,  it  forms  a  compressed 
median  rod,  which  is  often  surrounded  by  a  few  irregukrly  con- 
centric,  wavy,  or  intersecting  lines.  These  latter  are  formed  by 
the  cut  edges  of  successive  tabulse,  as  they  become  elevated  in 
the  vicinity  of  the  columella.  (In  fig.  3,  PI.  I.,  the  line  of  section 
has  been  taken  across  the  corallum  at  a  point  where  the  columella 
seems  to  be  really  Mranting,  as  shewn  in  fig.  3a.,  where  the  same 
specimen  is  shewn  in  longitudinal  section.) 

The  central  tabulate  area  is  always  exti*emely  well  developed,, 
occupying  about  half  of  the  total  diameter  of  the  corallum.  The 
tabulse  in  no  case  reach  the  outer  wall,  from  which  they  are  always 
separated  by  a  largely-developed  zone  of  vesicular  tissue.  They 
are  close  set,  more  or  less  inosculating,  and  invariably  elevated 
more  or  less  conspicuously  in  the  neighbourhood  of  the  columella. 
The  septa  are  of  two  orders,  and  are  attached  to  the  outer  wall. 
The  primary  septa  are  lamellar  for  the  inner  third  or  half  of 
their  length,  but  never  extend  inwards  so  far  as  to  reach  the 
columella.  On  the  contrary,  they  always  fall  short  of  the  centre, 
and  leave  a  more  or  less  extensive  area  of  the  tabulte  exposed  to 
view.  The  interseptal  loculi  are  interrupted  by  numerous  delicate 
dissepiments,  which  become  externally  so  numerous  and  close  set 
as  to  almost  obliterate  the  septa,  and  to  give  rise  to  a  peripheral 
zone  of  dense  and  minute  vesicular  tissue.  In  longitudinal  sections 
the  vesicles  of  this  zone  are  seen  to  be  arranged  in  numerous  oblique 
rows,  directed  outwards  and  upwards,  and  with  their  convexities 
upwards. 

The  combination  of  characters  presented  by  KoninckophyUum  is 
such  as  to  place  the  distinctness  of  the  genus  beyond  doubt.  In 
the  possession  of  a  dense  vesicular  zone  in  the  exterior  of  the 
corallum,  and  in  the  characters  of  the  septa,  it  resembles  some  of 
the  forms  of  CycUhophyllum,  but  it  is  at  once  distinguished  by  the 
presence  of  a  well-developed  columella.  From  Lonsdaleia  and 
Axophyllum,  again,  it  is  distinguished  by  the  &ct  that  in  these 
genera  the  columella  forms  a  comparatively  gigantic  mass  of 
cellular  tissue;  whilst  the  vesicles  of  the  exterior  zone  are  of 
comparatively  enormous  size ;  and  the  septa  in  Zonsehleia,  at  any 
rate,  are  not  in  direct  connection  with  the  external  wall.  From 
LUhoatroHon  it  is  distinguished  by  the  fact  that  the  septa  in  the 
former  are  much  more  highly  developed,  some  of  them  always 
reaching  to,  or  near  to,  the  columella,  whilst  the  corallum  is 
invariably  compound.  The  compound  species  of  KoninckophyUum 
might,  finally,  be  confounded  with  DipfiyphyUum,  from  which  the- 
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present  genus  is  fundamentally  distinguished  by  the  possession  of 
a  columella. 

The  range  of  the  genus  Koninckophyllum,  so  far  as  at  present 
ascertained,  is  limited  to  the  Lower  Carboniferous  Bocks,  and 
the  following  are  all  the  species  with  which  we  are  at  this  moment 
acquainted : — 

KoNiNCKOPHYLLUM  MAGNiFicuM.     Kicholson  and  Thomson. 

PI.  L,  Figs.  2,  2a, 

Specific  Characters, — Corallum  simple,  conical.  Epitheca  thin  and 
complete,  with  fine  encircling  strise  and  accretions  of  growth. 
Calice  moderately  deep,  with  a  broad  flat  space  in  the  centre  of 
the  floor,  which  is  formed  by  the  tabulse,  and  exhibits  the  median 
pointed  projection  of  the  columella.  Tabulse  very  close  set,  more 
or  less  vesicular,  with  a  general  inclination  inwards  and  upwards, 
and  more  especially  elevated  in  the  immediate  neighbourhood  of 
the  columella.  Primary  septa  from  forty-four  to  fifty-eight  in 
number ;  the  former  at  a  diameter  of  fourteen  lines,  the  latter  at  a 
diameter  of  eighteen  lines,  alternating  with  an  equal  number  of 
indistinct  secondary  septa.  The  primary  septa  are  strong,  and 
lamellar  for  about  their  inner  third  or  more ;  and  in  this  por- 
tion of  their  extent  they  are  united  by  remote,  delicate,  transverse 
dissepiments.  In  their  outer  half,  or  two-thirds,  the  septa  become 
exceedingly  delicate,  and  are  so  much  interfered  with  by  the  de- 
velopment of  a  vast  number  of  dissepiments  that  their  continuity  is 
almost  lost.  The  dissepiments  are  extremely  close  set,  not  angular, 
but  more  or  less  curved  and  dendriform,  and  giving  rise  with  the 
septa  to  a  dense  exterior  zone  of  vesicular  tissue.  A  septal  fossette 
is  present,  and  contains  a  single  primary  septum  of  shorter  length 
than  the  others. 

This  is  the  largest  known  species  of  the  genus,  individuals  attain-' 
ing  a  length  of  at  least  three  inches,  and  a  diameter  an  inch  and  a 
half. 

FomuUion  and  Locality.  —  Lower  Carboniferous  j  Charleston, 
'Blfeshire ;  and  Brockley,  near  Lesmahagow. 

KONINCKOPHYLLUM  INTERRUPTUM.     Nicholson  and  ThomsoD. 

PL  L,  Figs.  3,  3a. 

Specific  ChofracUrs. — Corallum  essentially  simple,  but  throwing  up 
a  number  of  small  buds  from  its  calicine  disc.  Primary  septa 
forty-four  in  number,  with  small  secondary  septa  alternating  with 
them.     Dissepiments  of  the  external  area  somewhat  transverse^ 
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numerotis.  A  septal  fossette  with  one  short  septum  in  it.  Colu- 
mella not  continuous,  but  interrupted  in  its  course  from  the  floor  of 
the  visceral  chamber  upwards,  leaving  considerable  spaces  occupied 
only  by  the  tabulae.  In  parts  where  the  columella  is  present,  the 
tabulae  of  the  central  area  are  directed  upwards  and  inwards  on 
both  sides  towards  the  middle  line.  Where  the  columella  is  absent 
the  tabulae  stretch  right  across  the  wide  central  area,  being  nearly 
horizontal,  and  about  five  of  them  in  the  space  of  one  line. 

Transverse  sections  shew  a  central  columella  or  not,  according  as 
the  section  traverses  a  part  where  this  organ  may  be  present^  the 
interrupted  growth  of  the  columella  seeming  to  be  constant  in  a 
large  number  of  individuals.  By  this  character  the  present  species 
is  distinguished  from  its  near  ally,  K,  ma^^icum,  from  which  it  ia 
further  separated  by  the  smaller  number  of  the  septa,  the  more 
remote  and  transverse  dissepiments,  and  the  presence  of  small  caU- 
<sine  buds. 

Formation  and  Locality, — Lower  Carboniferous ;  Brockley,  near 
Lesmahagow. 

KoNiNCKOPHTLLUM  LiNDSTRoMi.     Nicholsou  and  Thomson. 

PL  L,  Fig.  4. 

Specific  Charaeters, — ^Corallum  simple,  conical,  with  a  complete 
epitheca.  Primary  septa  forty-four  in  number,  at  a  diameter  of  ten 
lines,  alternating  with  an  equal  number  of  imperfectly  developed 
secondary  septa.  The  primary  septa  are  lamellar  for  the  inner 
third  of  their  length,  where  they  are  united  by  a  few  transverse 
dissepiments;  but  in  the  outer  two-thirds  of  their  length  they 
become  hardly  traceable,  in  consequence  of  their  union  with  and 
intersection  by  innumerable  inosculating  and  flexuous  diasepi- 
mente,  which  give  rise  to  an  extraordinarily  dense  exterior  zone  of 
vesicular  tissue.  Septal  fossula  with  a  single  short  septum  in- 
cluded in  it.  The  central  tabulate  area,  into  which  the  primary 
septa  do  not  extend,  occupies  somewhat  less  than  a  third  of  the 
total  diameter. 

K,  Lindstromi  ifl  very  closely  allied  to  K.  magnificumj  but  is  dis- 
tinguished by  its  smaller  dimensions,  the  greater  number  of  the 
septa  proportionally,  and  the  extraordinarily  close,  dense,  and 
minute  exterior  zone  of  vesicular  tissue.  We  have  named  the 
species  after  Dr.  Gustav  Lindstrom,  who  has  contributed  so  largely 
to  our  knowledge  of  the  Palaeozoic  Actinoauxb. 

Formation  amd  Locality. — Lower  Carboniferous ;  Brockley,  near 
Lesmahagow. 
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KoBmrcKOPHTLLUM  BBTiFORME.    NicholvoB.  and  Thoiimm, 

PL  L,  Fig.  e. 

Spee^  CharacUTB. — Coarallum  simple,  conical,  slightly  eorved. 
Primary  septa  fifty-two,  at  a  diameter  of  thirteen  lines,  -with  an 
equal  nnmber  of  shorter  secondary  septa.  The  primary  septa  are 
lamellar  in  their  inner  hali^  where  they  are  united  by  a  few  delicate 
dissepiments,  and  they  continue  to  preserve  the  character  of  distinct, 
though  much  thinner,  laminee  in  the  outer  half  of  their  extent. 
Dissepiments  of  the  external  area  markedly  rectangular,  and  not 
interfering  with  the  continuity  of  the  septa.  A  large  septal 
foflsula,  with  three  primary  septa  of  shorter  length  than  the  others 
included  in  it.  Tabula  of  the  central  area  close  set,  inosculating^ 
and  vesicular. 

This  species  is  distinguished  from  the  preceding  by  its  possession 
of  rectangular  dissepiments,  which  have  a  net-like  arrangement,  by 
the  much  more  distinctly  lamellar  character  of  the  septa  as  they 
pass  through  the  outer  vesicular  area,  and  by  the  presence  of  three 
of  the  primary  septa  within  the  fossula. 

FormaUon  a/nd  Locality, — Lower  Carboniferous ;  Brockley,  near 
Lesmahagow. 

KoNiHGKOPHYLLUM  RADIATUM.      Nicholsou  and  Thomson. 

PL  L,  Pig.  6. 

Specific  Characters.  —  Corallum  simple,  conical.  Primary  septa 
forty-four  in  number,  with  an  equal  number  of  secondary  septa, 
lamellar  for  the  inner  third  of  their  extent,  but  rendered  more 
or  less  dendriform  or  inconspicuous  externally  by  the  development 
of  an  enormous  number  of  curved  dissepiments.  The  columella  is 
surrounded  by  a  circle  of  vertical  laminae,  which  are  arranged  in  a 
radiating  manner,  and  appear  to  nearly  correspond  with  the  primary 
septa  in  number.  These  laminae  are  thin,  do  not  qxiite  reach  the 
columella  internally,  and  are  separated  externally  from  the  inner 
ends  of  the  primary  septa  by  an  area  which  is  occupied  solely  by 
the  tabulflB.  The  septal  fossula  contains  a  single  short  primary 
septum  in  it. 

K.  radiaktm  is  in  its  general  characters  closely  related  to 
K.  magmficwm,  but  it  is  distinguished  from  this  and  from  all  the 
other  species  of  the  genus,  by  the  presence  of  a  crown  of  paliform 
laminse,  placed  round  the  columella,  and  separated  frxmi  the  inner 
ends  of  the  primary  Bepta  by  a  distinrt  space. 

Formaiion  cmd  LocalUy. — ^Lower  Carboniferous;  Charleston, 
Mfeshire. 
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KoNiNCKOPHTLLUM  PBOLIFEBUM.     Nicholson  and  Thomson. 

PL  L,  Kg.  1. 

Specific  Characters. — Corallum  compound,  fascicalate,  of  cylindrical 
corallites.  Increase  is  affected  by  calicular  gemmation,  involving 
only  a  portion  of  the  calice,  and  allowing  the  parent  corallites  to 
continue  their  growth  uninterrupted  side  by  side  with  the  young 
tubes.  Primary  septa  varying  from  about  twenty  to  forty  in 
number,  according  to  the  size  of  the  corallites,  with  an  equal 
number  of  short  secondary  septa  alternating  with  them.  The 
septa,  though  thin,  are  distinctly  and  equally  lamellar  throughout 
their  entire  length,  and  are  united  by  rectangular  or  slightly  curved 
dissepiments,  which  are  almost  or  entirely  wanting  between  the 
inner  ends  of  the  primary  septa.  Septal  fossula  with  a  single  short 
septum  in  it.  Columella  well  developed,  compact,  styliform. 
Tabulate  area  extensive,  the  space  not  penetrated  by  the  primary 
septa  occupying  more  than  half  of  the  diameter  of  the  corallites, 
and  proportionately  more  in  the  younger  corallites. 

This  species  is  distinguished  from  all  others  belonging  to  the 
genus  by  its  composite  form,  the  characters  of  the  lamellar  septa, 
and  the  rectangular  dissepiments,  and  the  comparatively  large 
area  of  the  central  space,  into  which  the  primary  septa  are  not 
continued. 

FomuUion  and  Locality. — Lower  Carboniferous ;  Bathgate,  Lin- 
lithgowshire. 

Genus  Lophophtllum.     Edwards  and  Harvie. 

Generic  Characters. — Corallum  simple,  conical,  with  a  complete, 
often  thick  epitheca.  Tabulse  irregular,  convex,  passing  with  more 
or  less  interruption  completely  across  the  visceral  chamber.  A 
well  marked  septal  fossula.  A  clavate  or  cristiform  columellar 
projection  of  the  tabulse,  joined  with  one  extremity  to  the  single 
septum  in  the  fossula,  and  occasionally  connected  at  the  other  with 
the  opposite  primary  septum.  Septa  well  developed,  but  never 
quite  reaching  the  centre  of  the  visceral  chamber. 

The  chief  points  which  characterise  the  genus  Lophop^iyllum  are 
the  following :— (1.)  The  so-called  columella  is  formed  by  a  cristi- 
form or  clavate  elevation  of  each  successive  tabula.  It  thus  shews 
itself  as  a  clavate  mass  occupying  the  centre  of  the  corallum  as  seen 
in  transverse  sections,  and  joined  to  the  septum  in  the  fossette. 
That  it  is  not  a  true  columella,  however,  is  shewn  by  longi- 
tudinal sections,  in  which  no  continuous  or  completely  developed 
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oolumellar  line  is  recognisable.  (2.)  The  septal  fossula  is  only 
conspicuous  in  specimens  exhibiting  the  interior  of  the  calice. 
In  transyerse  sections  it  is  chiefly  recognisable  by  the  prolonga- 
tion of  the  oolumellar  eminence  into  it.  (3.)  The  tabulae  pass  com- 
pletely across  the  visceral  chamber,  but  do  not  present  the  form  of 
distinctly  separated  transverse  diaphragms.  They  usually  appear 
as  irregular  arched  plates,  with  their  convexities  upwards,  which 
anastomose,  and  become  more  or  less  vesicular.  '{4.)  The  primary 
septa  never  quite  reach  the  centre  of  the  ^visceral  chamber,  and 
the  septal  dissepiments  are  never  so  strongly  developed  as  to  give 
rise  to  an  exterior  zone  of  vesicular  tissue. 

To  the  already  described  species  of  LophophyUwm  we  have  to  add 
the  following,  which  appear  to  be  new.  The  genus,  in  fact,  has  not 
hitherto  been  recognised  as  occurring  in  Britain,  unless  by  the 
imperfectly  characterised  Z.  (Cyathopsis)  eruca,  M'Coy.  We  are 
inclined  to  think  that  we  have  met  with  examples  of  the  form 
described  by  M'Coy  under  this  name,  but  we  leave  the  determina- 
tion of  this  point  to  a  future  occasion. 


LoPHOFHTLLUM  PABVULUM.     Nicholsou  and  Thomson. 

PI.  IL,  Figs.  5,  5a. 

Spec^ic  Characters. — Corallum  simple,  cono-cylindrical,  curved. 
Epitheca  thick,  with  delicate  encircling  strise,  and  iaint  annula- 
tions  of  growth.  Pseudo-columella  large,  globular,  attenuated  at 
one  side,  where  it  becomes  continuous  with  the  septum  occupying 
the  fossula.  Primary  septa  twenty-eight  in  number,  very  thick 
and  strong  circumferentially,  but  gradually  becoming  thin  and 
flexuous  as  they  approach  the  centre,  and  always  falling  short' 
of  the  columella.  Secondary  septa  seem  to  be  absent  or  very 
imperfectly  developed.  A  few  irregular  and  remote  dissepiments 
are  seen  crossing  the  interseptal  loculL 

This  species  is  perhaps  most  closely  allied  to  L.  breve,  De  Kon., 
£rom  which  it  is  distinguished  by  the  greater  number  of  septa, 
and  by  the  union  of  the  oolumellar  eminence  with  the  septum 
in  the  fossula.  In  the  latter  there  are  but  nineteen  primary 
septa,  the  secondary  septa  are  not  developed  at  all,  and  the 
oolumellar  eminence  is  stated  to  form  no  connection  with  the 
septum  in  the  fossula.  Short  and  imperfect  secondary  septa 
appear  to  be  sometimes  developed  in  L.  parvtdum;  but  this  point 
will  require  further  investigation. 
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An  average  indiTidual  has  a  length  of  ten  lines,  and  a  miLYimnm 
diameter  of  four  lines. 

FomuUion  and  Locality, — Lower  Carboniferoiusi ;  Charleston,  Fife- 
shire. 

LoPHOPHYLLUM  RETicuLATUM.     l^icholson  and  Thomson. 

PL  IL,  Figa.  7,  7a. 

Specific  Characters. — Corallum  simple,  conical,  strongly  curved. 
Epitheca  thick,  with  encircling  strise,  and  shallow  annulations  of 
growth.  Pseudo-columella  davate,  well  developed,  much  attenii- 
ated  on  one  side,  where  it  becomes  continuous  with  the  septum 
occupying  the  septal  fossula.  No  secondary  septa.  Primary  septa 
twenty-six  in  number,  somewhat  unequal,  thick  externally,  but  be- 
coming thinner  internally,  from  a  line  and  a  quarter  to  a  line  and 
a  half  in  length,  always  falling  considerably  short  of  the  centre. 
The  septa  are  connected  together  by  a  number  of  rectangular  dis- 
sepiments,  which  fill  the  interseptal  loculi  nearly  to  the  inner  ends 
of  the  septa. 

This  species  is  similar  to  L.  breve,  De  Kon.,  in  the  total  absence 
of  secondary  septa,  but  is  distinguished  by  the  greater  number  of 
the  septa,  the  comparatively  large  number  of  rectangular  dissepi- 
ments, and  the  junction  of  the  columellar  eminence  with  the 
septum  in  the  fossula.  There  is  no  other  species  of  the  genus  with 
which  it  could  be  confounded. 

The  length  of  an  average  specimen  is  ten  lines,  and  its  greatest 
diameter  nearly  six  lines. 

Formation  wnd  Locality, — Lower  Carboniferous;  Shiels,  Bast 
Kilbride. 

LoPHOPHYLLUM  ScoTicuM.     Nicholson  and  Thomson. 

PL  IL,  Figs.  8,  81. 

Specific  Characters. — Corallum  simple,  conical,  slightly  bent.  Epi- 
theca thick,  with  encircling  strise,  and  low  accretion  ridges.  No 
Beoondary  septa.  Primary  septa  twenty-six  in  number,  thickened 
at  their  origin,  but  becoming  immediately  attenuated,  and  leaving 
a  considerable  central  space,  which  is  occupied  by  the  tabulaa. 
Pseudo-columellar  eminence  narrow  and  compressed,  united  on 
one  side  with  the  short  septum  in  the  fossula.  Interseptal  loculi 
traversed  by  a  few  irregular  and  remote  dissepiments.  Tabuls» 
very  irregular,  elevated  .centrally,  with  their  convexities  pointing 
upwards,  forming  a  loose  kind'of  vesicular  tissue  with  wide  meaheSt 

We  are  in  doubts  whether  this  form  may  not  be  identical  witk 
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that  deecribed  by  M'Coy  mider  the  name  of  Cyathopsia  eruca ;  but 
the  published  description  of  this  species  is  not  sufficient  for  identi- 
fication. We  have  therefore  thought  it  better  to  give  a  fresh  title 
to  the  present  form,  the  more  especially  as  the  description  given  bj 
M'Coy  of  the  longitudinal  section  of  G.  ertica  does  not  at  all  agree 
with  the  structure  exhibited  in  our  species.  From  most  of  the 
other  species  of  the  genus  it  appears  to  be  satisfactorily  separated 
by  its  want  of  secondary  septa,  and  by  its  vesicular  tabulse.  In 
the  absence  of  secondary  septa  it  agrees  with  L.  breve,  De  Kon., 
and  Z.  retictdcUumy  Nicholson  and  Thomson ;  but  it  is  distinguished 
from  the  former  by  its  more  numerous  septa,  and  the  union  of  the 
pseudo-columella  with  the  fossular  septum,  whilst  it  is  separated 
frt>m  the  latter  by  the  almost  rudimentary  condition  of  the  dissepi- 
ments. 

Formation  cmd  Locality/. — Lower    Carboniferous ;  Shiels,  East 
Killnride. 

Genus  Dibunophyllum.     Thomson  and  Nicholsoil. 

(Ht,  twice;  fi^vfit,  hill;  fvkktv,  leaf.) 

Gerwric  Characters, — Corallum  simple,  turbinate,  or  cono-cylin- 
drical.  Epitheca  complete,  thin,  with  numerous  encircling  striae 
and  annulations  of  growth.  ,  Calice  of  variable  depth,  usually 
shallow,  exhibiting  centrally  at  its  bottom  a  rounded  eminence, 
which  is  slightly  raised  above  the  inner  margins  of  the  primary 
septa,  and  is  always  divided  into  two  equal  halves  by  a  distinct 
longitudinal  mesial  line:  The  calicine  eminence  is  formed  partly 
by  a  median  elevation  of  the  tabulse,  but  principally  by  a  series 
of  somewhat  irregular  vertical  lamellae,  which  are  united  with  the 
inner  edges  of  the  primary  septa  by  sub-convolute  plates,  b\Lt  are 
altogether  independent  of  these  structures.  These  vertical  lamellae 
appear  on  the  surfiekse  of  the  calicine  boss  as  so  many  ridges,  which 
radiate  from  the  margins  of  the  central  area  to  the  sides  of  the 
mesial  crest.  Septa  well  developed,  of  two  orders;  the  secondary 
septa  short,  and  the  primary  septa  invariably  falling  short  of  the 
outer  limits  of  the  central  area.  Interseptal  dissepiments  scanty 
and  remote  in  the  intermediate  area  between  the  inner  ends  of  the 
primary  septa^  but  very  abundant  in  the  external  area,  where  they 
form  a  dense  vesicular  tissue,  composed  of  minute  lenticular  cells, 
which  are  seen  in  longitudinal  sections  to  be  arranged  in  oblique 
rows  pointing  upwards  and  outwards.  Longitudinal  sections  further 
shew  the  presence  of  an  intermediate  area  of  irregularly  vesicular 
tabulae^  and  a  central  area  of  anastomosing  concave  tabula,  which 
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are  <m  the  whole  directed  upwards,  and  are  iutersected  by  several 
incomplete  colnmellarian  lines;  or  rarely  by  one  complete  line. 
Transverse  sections  shew  that  the  central  area  is  divided  into 
two  equal  portions  by  a  median  lamina,  which  extends  completely 
across  it,  and  one  extremity  of  which  points  to  a  well-developed 
septal  fossola. 

In  the  general  features  of  their  internal  organisation  the  forms 
which  we  have  grouped  together  under  the  name  of  Dibunophylhun 
present  a  close  resemblance  to  those  which  properly  belong  to 
ClUiophyUwn,  Dana ;  but  they  are,  nevertheless,  separated  by 
characters  sufficiently  distinct  and  easily  recognisable  to  warrant 
their  being  placed  in  a  section  by  themselves.  The  species  of 
DUmnophyUum  agree  with  those  of  ClinophyUum  in  their  triareal 
structure,  as  shewn  by  vertical  and  horizontal  sections. 

Fvrsdyy  we  have  a  central  area,  or  ''  interlamellar  space,"  which 
is  formed  by  the  intersection  of  the  tabulae  with  a  series  of  vertical 
lamelUe,  which  on  the  whole  radiate  from  the  margins  of  the  area 
towards  the  sides  of  a  central  lamella,  dividing  the  area  into  two 
halves.  No  such  principal  lamella  is  seen  in  ClitiophyUum,  whilst 
the  radiating  lamellie  are  less  regular  than  in  the  latter  genus,  and 
become  directly  connected  with  the  sides  of  the  mesial  lamella. 
Hence,  also,  the  great  difference  as  to  the  appearances  presented 
by  the  calice  in  these  two  groups.  In  CUstophf/Uiim  we  find  a 
tent-shaped  or  conical  calicine  boss,  the  sides  of  which  are  marked 
by  spirally-twisting  or  straight  ridges,  formed  by  the  free  edges  of 
these  vertical  lamellae,  and  radiating  from  the  margins  to  the 
summit  of  the  boss.  In  Dibtmophyllum,  on  the  other  hand,  we 
find  a  low,  rounded  calicine  boss,  which  is  divided  into  two  equal 
halves  by  a  median  ridge,  to  the  sides  of  which  are  attached  the 
radiating  ridges  representing  the  free  edges  of  the  vertical  lamellse. 
In  both  genera,  however,  it  is  to  be  remembered  that  the  vertical 
lamellae  of  the  central  area  are  not  continuations  of  the  primary 
septa,  but  are  independent  of  these  structures,  and  are  not  con- 
nected with  them,  save  occasionally,  by  the  intervention  of  sub- 
convolute  plates.  The  tabules  of  the  central  area  in  DthunophyUum 
are  on  the  whole  elevated  towards  the  middle  line,  as  they  are  in 
CUaiophyllum;  but  they  are  distinctly  concave  upwards,  whereas 
they  have  their  convexities  upwards  in  the  latter.  In  ClinojphyUum^ 
again,  longitudinal  sections  shew  that  the  central  area  is  always 
intersected  by  a  single  continuous  colnmellarian  line;  whereas  in 
Dtbunophyllum  this  is  rarely  the  case,  and  there  are,  on  the  contrary, 
several  such  lines,  and  these  are  not  continuous. 
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Secondly f  we  have  an  tntermediaie  area,  or ''  interlocnlar  space/'  the 
•characters  of  which  are  similar  in  ClidophyWu/m  and  DibunophyUum, 
As  seen  in  long  sections  this  area  is  found  to  be  composed  of 
irregolarlj  anastomosing  tabulse,  which  have,  on  the  whole,  a 
horizontal  direction.  As  seen  in  transverse  sections  we  find  that 
this  area  is  penetrated  by  the  inner  ends  of  the  primary  septa, 
which  are  here  strong  and  lamellar,  and  are  connected  by  a  few 
remote  and  delicate  dissepiments. 

Thirdly,  there  is  an  external  area,  the  "  interseptal  area,"  which 
is  occupied  by  the  septa  and  interseptal  dissepiments.  In  this 
area  the  septa  are  reduced  in  thickness,  and  are  connected  by  very 
numerous,  close  set,  curved  dissepiments,  which  give  rise  to  a  dense 
vesicular  tissue.  As  seen  in  longitudinal  sections,  this  zone  is  seen 
to  be  constituted  by  numerous  minute  lenticular  vesicles,  which  are 
arranged  in  oblique  rows  directed  upwards  and  outwards,  and  with 
their  convexities  upwards.  The  secondary  septa  are  generally  not 
nearly  so  well  developed  as  in  the  species  of  CliaiophyUuniy  and 
they  are  often  completely  lost  in  the  dense  dissepimental  tissue. 

The  species  of  Dtbunophyllum  are  confined  to  the  Lower  Carboni- 
ferous Rocks,  and  we  have  selected  the  following  three  species  for 
description  as  being  typical  examples  of  the  group : — 

DiBUKOPHYLLUM  MuiBHEADi.     Nicholson  and  Thomson. 

PL  IL,  Figs.  2  and  3. 

Specific  Cha/ractere, — Corallum  simple,  conical  or  cono-cylindrical. 
Epitheca  thin,  with  encircling  strise,  and  generally  strong  accretion 
ridges.  Central  area  variable  in  size,  but  occupying  in  general 
about  one-third  of  the  total  area  of  the  visceral  chamber,  and 
divided  into  two  halves  by  a  complete  mesial  line  or  partition. 
The  calicine  boss  is  low  and  rounded,  and  the  edges  of  the  vertical 
lamell®  of  the  central  area  are  directed  on  both  sides  across  the 
boss  to  reach  the  mesial  ridge.  The  vertical  lamelle  are  tolerably 
regular  in  their  arrangement,  and  are  seen  in  transverse  sections  to 
be  intersected  by  numerous  curved  lines,  representing  the  cut 
edges  of  the  tabulse.  In  vertical  section  are  seen  several  incom. 
plete  and  discontinuous  columellarian  lines,  and  the  tabulae  to. 
wards  the  centre  become  distinctly  concave,  with  their  concavities 
directed  upwards.  The  septa  vary  somewhat  in  number  in  different 
individuals  and  in  different  stages  of  growth.  Ordinarily,  there 
are  from  forty-eight  to  fifty-eight  primary  septa,  which  are  strong 
and  lamellar  in  the  intermediate  area  of  the  corallum,  but  become 
much  more  delicate  and  thinner  in  the  external  area,  being  almost 
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lost  in  the  vesiculai*  tissue  as  they  approacli  the  outer  margin. 
Secondary  septa  alternate  with  the  preceding,  but  are  so  imperfect 
as  to  be  scarcely  recognisable  in  the  dissepimental  tissue  which 
they  intersect.  Dissepiments  of  the  external  area  very  numerous, 
close  set,  and  curved,  producing  a  zone  of  very  dense  vesicular 
tissue.  Septal  fossula  well  marked,  placed  opposite  one  extremity 
of  the  mesial  partition  which  divides  the  central  area,  and  having  a 
single  short  septum  included  within  it.  Calice  shallow,  its  edges 
more  or  less  everted. 

Average  individuals  have  a  length  of  two  or  tliree  inches  or  more, 
and  a  diameter  varying  from  ten  to  eighteen  lines. 

We  have  named  this  species  after  Dr.  Muirhead,  of  Glasgow, 
who  has  afforded  material  assistance  to  the  work  of  investigating 
the  Carboniferous  Corals  of  Scotland.  From  D.  M^Chesneyi  the 
present  species  is  distinguished  by  the  fact  that  the  septa  are  not 
nearly  so  strongly  developed  in  the  external  area  of  the  corallum, 
by  the  presence  of  a  single  septum  in  the  fossula,  by  the  more 
regular  development  of  the  radiating  vertical  lamellse  of  the  central 
area,  and  by  the  presence  of  several  discontinuous  columellarian 
lines,  the  tabulae  centrally  being  distinctly  concave,  and  having 
their  concavities  directed  upwards.  From  D.  splendens  the  present 
species  is  distinguished  by  the  much  smaller  number  of  the  septa , 
and  the  presence  of  a  single  septum  in  the  fossula. 

Formation  and  Locality. — Lower  Carboniferous ;  Beith. 

DiBUNOPHYLLUM  M'Chesneyi.     Nicholson  and  Thomson. 

PI.  II.,  Fig.  4. 

Specific  Characters, — Corallum  simple,  cono-cylindrical.  Epitheca 
thin,  with  fine  encircling  striae  and  annulations  of  growth.  Central 
area  occupying  about  one-third  of  the  visceral  chamber,  the  vertical 
lamellae  by  which  it  is  intersected  being  usually  more  or  less  irregular. 
Hence,  in  transverse  sections  the  central  area  appears  as  a  mass  of 
somewhat  irregular  trabecular  tissue,  divided  into  two  halves  by  a 
mesial  line.  The  calice  is  shallow,  and  the  calicine  boss  slightly 
elevated  above  the  inner  ends  of  the  primary  septa.  The  tabulae 
of  the  central  area,  as  seen  in  longitudinal  section,  are  considerably 
elevated  towards  the  middle  line,  and  are  not  conspicuously  concave, 
whilst  there  is  only  a  single,  continuous,  central  columellarian  line. 
The  primary  septa  vary  from  forty-two  to  fifty-four,  and  are  more  or 
less  lamellar  throughout  their  entire  extent,  though  most  strongly 
so  in  the  intermediate  area  of  the  corallum.  There  are  in  general 
short  secondary  septa  alternating  with  the  preceding,  but  these 
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are  sometimes  very  imperfectly  developed,  and  only  recognisable 
with  difficulty.  The  septal  fossula  is  placed  opposite  one  extremity 
of  the  mesial  partition  by  which  the  central  area  is  divided,  and 
generally  contains  three  short  septa  included  within  it.  The 
dissepiments  of  the  outer  area  are  numerous,  curved,  and  close  set ; 
but  it  is  only  in  the  extreme  circumference  of  the  corallum  that 
they  to  any  extent  interfere  with  the  continuity  of  the  septa. 

Average  individuals  have  a  length  of  two  or  three  inches  and  a 
diameter  of  from  ten  to  sixteen  lines. 

D.  M^Chesneyi  is  distinguished  from  the  preceding  species  by 
its  much  more  strongly  lamellar  septa,  the  greater  number  of  septa 
included  within  the  fossula,  the  more  irregular  structure  of  the 
central  area,  and  the  existence  of  a  single  columellarian  line.  From 
D.  splendens  it  is  distinguished  by  the  much  smaller  number  and 
greater  strength  of  the  septa,  and  the  less  regular  character  of  the 
radiating  lamellae  of  the  central  area.  We  have  named  the  species 
in  honour  of  Professor  M'Chesney,  of  Chicago. 

Formation  and  Locality/, — Lower  Carboniferous;  Brockley,  near 
Lesmahagow,  Lanarkshire. 

DiBUNOPHTLLUM  SPLENDENS.     Nicholsou  and  Thomsou. 

Pin.,  Pig.  1. 

Specific  Clho/racters. — Corallum  simple,  cono-cylindrical,  of  large 
size.  Epitheca  thin,  with  encircling  stria;  and  annulations  of 
growth.  Central  area  occupying  somewhat  less  than  a  third  of 
the  total  diameter.  Kadiating  vertical  lamellae  of  the  central 
area  disposed  with  great  regularity  on  both  sides  of  the  mesial 
partition ;  the  spaces  between  them  filled  with  close  set  curved 
lines,  representing  the  cut  edges  of  the  tabulae.  Primary  septa 
very  numerous,  from  seventy-six  to  eighty  in  number,  strong  and 
lamellar  in  the  intermediate  area,  but  thin,  flexuous,  or  dendriform 
in  the  external  area.  Secondary  septa  apparently  wanting,  or  very 
imperfectly  developed.  Dissepiments  of  the  outer  area  exceedingly 
numerous,  close  set,  curved,  and  anastomosing,  giving  rise  to  a  very 
dense  zone  of  vesicular  tissue.  Septal  fossula  with  two  or  three 
short  septa  in  it. 

This  species  is  sufficiently  distinguished  from  both  of  the  preced- 
ing by  the  much  greater  number  of  its  septa. 

Average  individuals  have  a  length  of  from  one  to  six  inches,  and 
a  diameter  of  about  nineteen  lines. 

Fcrmaiion  and  Locality, — Lower  Carboniferous ;  Gateside,  Beith, 
Ayrshire. 
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EXPLANATION  OF  THE  PLATES. 

Plate  L 

Fig.  1. — ^Transverse  section  of  a  colony   of  KomnckophyUum  proliferumf 
Nicholson  and  Thomson.    Lower  Carboniferous  ;  Bathgate. 

Fig.  2.— Transverse  section  of  Koninckophyllum  magnificum,  Nich.  and  Thorn. 

Fig.  2a« — Longitudinal  section  of  the  same.  Lower  Carboni&rous ;  Charles- 
ton, Fifeshire. 

Fig.  3. — Transverse  section  of  KoninckophyUum  intemtptumy  Nidiolaoii  and 
Thomson.  The  vacant  spaces  amongst  the  septa  are  the  bases  of 
small  corallites  springing  from  the  calicine  disc ;  and  the  absence 
of  the  columella  in  the  centre  is  due  to  the  Uct  that  the  colu- 
mella is  absent  at  the  part  of  the  corallum  through  which  the 
section  passes. 

Fig.  3a. — Longitudinal  section  of  the  same,  shewing  the  interrupted  growth 
of  the  columella.    Lower  Carboniferous  ;  Brockley,  Lesmahagow. 

Fig.  4. — Transverse  section  of  KordnchophyUum  LindatrOnU,  Nicholson  and 
Thomson.     Lower  Carboniferous ;  Brockley,  Lesmahagow. 

Fig.  5. — ^Transverse  section  of  KoninckophyUum  radicUum,  Nicholson  and 
Thomson.    Lower  Carboniferous  ;  Charleston,  Fifeshire. 

Fig.  6. — ^Transverse  section  of  KoninckophyUum  reiifoirmty  Nicholson  and 
Thomson.     Lower  Carboniferous ;  Brockley,  Lesmahagow. 

Plat*  IL 

Fig.  1. — DibunophyUum    splendenSf  Nicholson  and   Thomson.      Tranaverse 

section.    Lower  Carboniferous ;  Gateside,  Beith. 
Fig.  2. — A  young  example  of  DibunophyUum  Muirheadiy  Nich.  and  Thonu 
Fig.  2a. — Transverse  section  of  the  same.    Lower  Carboniferous ;  Brockley, 

Lesmahagow. 
Fig.  3. — ^Transverse  section  of  a  typical  example  of  2>.  MuirheadL 
Fig.  3a. — Longitudinal  section  of  the  sam&     Lower  Carbonifenma ;  Gate- 
side,  Beith. 
Fig.  4. — Calice  of  DibunophyUum  M^Chesneyi,  Nicholson  and  Thomaon. 
Fig.  4a. — Transverse  section  of  the  same. 
Fig.  4b. — ^Longitudinal  section  of  the  same.    Lower  Carboniferous ;  Brockley, 

Lesmahagow. 
Fig.  5. — Transverse  section  o{  LophophyUum  parvulum,  Nich.  and  Thorn. 
Fig.  5a. — External  aspect  of  the  sama      Lower  Carboniferous ;  Shiels^  East 

Kilbride. 
Fig.  6.~Tran8ver8e  section  of  LcphqphyUum,  ip. 
Fig.  6a. — External  aspect  of  the  same.    Lower  Carbonifetoua ;  Chiil«toii» 

FifeBhire. 
Fig.  7.~Tran^eT8e  section  of  LophophyUum  reiicuUUumy    Nich.  and  Thorn. 
Fig.  7a. — External  aspect  of  the  same.     Lower  Carbonifenras ;  Shiel%  East 

Eilbride.  ^ 

Fig.  8.— Transverse  section  of  LophophyUum  SeoUeum,  Nich.  aid  Thxmu 
Fig.  8A.*Longitudinal  sectioa  of  the  same.    Lower  Carboiiiferoiii ;  Brack 
ley,  Lesmahagow, 


fill 


\:ji 


fid 


*v^"- 


% 


s^ 


Lieut.  Babkeb  on  a  Compass  Bmeeular  Field-Glass.        IS3 


XVIL — On  a  Compass  Binocular  Fieldr-Glass  for  Rough  Surveys, 

By  Lieut.  R.  E.  Barker,  R.N. 


[Commmdcated  to  the  Society,  March  22,  1876.] 


Mr.  Barker  fixes  a  small  mariner's  compass  between  the  two  tubes 
of  the  field-glass.  Inside  of  the  cover  of  the  compass  case,  which  is 
hinged  with  considerable  friction  at  the  edge  farthest  from  the  eye, 
and  so  as  to  remain  set  at  any  angle  between  0°  and  90°,  is  a 
mirror.  When  the  mirror  is  set  at  about  45°,  the  direction  in 
which  objects  seen  through  the  glass  lie,  is  shewn  by  merely  raising 
the  eye  and  looking  at  the  reflected  image  of  the  compass  in  the 
mirror. 

Mr.  James  R.  Napier  remarked,  that  the  mirror  was  too  near 
his  eye  for  distinct  vision,  but  by  withdrawing  the  eye  to  a  suitable 
distance  the  bearing  of  distant  objects  could  be  easily  observed  to 
a  degree  of  accuracy  sufficient  for  many  purposes. 


XYIII. — On  a  Masthead  Light  for  Approxinuttely  sinewing  the  Cowrae 
a  Vessel  is  Steering.    By  Captain  Jacob  Holm. 


[Commimicated  to  the  Society,  March  22,  1876.] 

In  addition  to  the  usual  lights  which  all  British  ships,  whether 
propelled  by  steam  or  by  sails,  are  required  to  carry.  Captain  Holm 
proposes  that  all  vessels  shall  carry  a  masthead  light,  similar  to 
the  usual  masthead  light  of  steamers ;  but  instead  of  shewing,  as 
these  do,  white  light  through  an  arc  of  ten  points  on  each  side 
from  i^e  course  on  which  the  vessel  is  directed,  the  first  three 
points  only  on  each  side  shall  be  white  light,  the  next  three  points 
shall  be  red  light,  and  the  next  four  points  green. 

He  proposes  that  steamers  shall  carry  this  light  above  or  below 
their  present  masthead  light.  By  the  present  system  of  lights  the 
course  of  a  passing  vessel  is  not  known  to  a  greater  degree  of 
accuracy  than  ten  points;  by  Captain  Holm's  method  the  course  is 
known  to  within  three  and  four  points. 

Mr.  William  Harvet,  the  manufacturer  of  the  lamps,  exhibited 
to  the  meeting  one  of  them  in  action. 


1$4  PkS6mfmcd  SMiijf  ^  Gm^^t. 


XIX.'-^A  a  MaA^i  ofCkoekimg  Oe  DiMmea  TrwnOed  by  PaamgerM 
in,  WhoA  CarriagtM.     Bj  James  Toctc,  Esq.  cf  Kdlr,  F.RjS. 


[Read  belbie  the  Sodeftr,  XvrSL  If;  ISTCl] 


Whe5  the  Glasgow  public  had  the  privilege  of  trmTeUing  br  tram- 
way can  at  the  rate  of  a  penny  per  mile,  no  means  were  prorided  for 
making  the  priril^e  practically  available  all  along  the  route.  It 
wa«  asfmmed  and  often  stated  that  it  was  impossible  to  provide  any. 
80  much  was  the  impossibility  presisted  in,  that  the  public  were  at 
length  deprived  of  the  privilege,  and  the  less  advantageous  plan  of 
station  to  station  rates  substituted.  As  it  appeared  to  me  that  the 
privilege  was  a  valuable  one  for  the  public,  and  that  the  difficulty 
of  making  a  practical  distance  indicator  which  would  be  intelligible 
to  all — ^to  all  at  least  who  had  intelligence  enough  to  be  able  to 
read  the  time  on  a  clock  dial — was  small,  I  conceived  the  following 
plan,  which  I  believed  would  meet  the  case. 

Any  of  the  methods  hitherto  proposed  and  found  to  answer  for 
the  purpose  of  measuring  the  distances  travelled  by  wheel  carriages 
was  to  be  attached  to  each  car.  The  indicator  of  the  distance  con- 
sisting of  a  clock  dial  and  hands,  the  hour  hand  indicating  miles 
instead  of  hours,  and  the  minute  hand  minutes  of  a  mile,  was  to  be 
conveniently  placed  where  all  travelling  by  the  car  could  see 
exactly  the  distance  travelled,  from  instant  to  instant,  if  they  pleased. 
A  mile  would  be  travelled  when  the  minute  hand  had  gone  once 
round  the  dial,  or  the  mile  hand  through  one  division.  Travellers 
would  only  have  to  observe  the  position  of  the  hands  on  entering 
and  on  leaving  the  car,  to  know  exactly  how  &r  they  had  travelled 
by  it. 

To  check  this,  however,  the  conductor  would,  on  a  ticket  or  card 
on  which  the  clock  face  was  printed,  pierce  a  hole  each  opposite  to 
the  mile  and  to  the  minute  shewn  by  the  indicator  when  the 
passenger  entered  the  car,  or  opposite  to  the  mile  only  for  short 
routes,  which  ticket  the  passenger  would  then  receive,  and  on  his 
leaving  the  car,  a  comparison  with  it  and  the  dial  would  shew  how 
far  he  had  travelled. 
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XX. — On  the  IrUerference  of  certain  Metals  until  Hie  Accuracy  of  the 
Process  for  Estimating  Copper  hy  Cyanide  of  Potassium.  By 
Egbert  T.  Thomson,  Esq. 


[Read  before  the  Chemical  »Scction,  December  C,  ISTo.] 


I  AM  well  aware  that  experiments  have  been  made  on  this  subject 
to  a  certain  extent  by  other  parties,  and  that  it  is  generally  recog- 
nised as  a  fact,  that  zinc,  arsenic,  and  some  other  metals  interfere 
with  the  estimation  of  copper  by  the  cyanide  process;'  while  iron, 
calcinm,  magnesium,  <&c.,  as  far  as  I  am  aware,  are  supposed  not  to 
have  any  effect. 

I  have  undertaken  the  following  experiments  with  the  view  of 
ascertaining  the  precise  effect  of  the  more  commonly  occurring 
metals,  under  the  usual  working  conditions.  The  experiments  also 
include  a  series  instituted  to  determine  the  effect  of  different  pro- 
portions of  hydrate,  chloride,  and  nitrate  of  ammonium. 

In  the  case  of  the  metals,  the  estimation  of  the  copper  in  each 
case  was  made  as  follows: — To  the  solution  containing  the  copper 
and  the  other  metal  (-2  gramme  of  each)  a  quantity  of  ammonium 
chloride  solution,  containing  2  grammes  of  that  salt,  was  added, 
thcJn  ammonia,  till  the  precipitated  hydrate  of  copper  was  just 
•beginning  to  dissolve,  and  finally  40  c.c.  of  ammonia  (sp.  gr.  '963), 
which  completely  dissolved  the  hydrate  of  copper,  and  formed  a 
•blue  solution.  This  solution  was  now  made  up  to  150  c.c.  with 
water,  and  the  cyanide  solution  added  from  a  burette  till  only  the 
faintest  violet  tinge  was  perceptible  in  the  fluid.  The  solution  was 
well  stirred,  and  allowed  to  stand  for  a  few  minutes  after  each 
addition  of  the  cyanide;  and  in  cases  where  precipitates  were 
formed,  the  latter  was  allowed  to  settle  before  determining  whether 
the  fluid  was  sufficiently  free  from  colour,  to  indicate  that  enough 
•cyanide  solution  had  been  added. 

Poixusiwrn  and  Sodium. — ^These  metals,  as  was  expected,  have  no 
4tppreciable  effect  on  the  estimation  of  copper  by  this  process. 

Calcium. — ^When  the  potassium  cyanide  was  added  to  the  solu- 
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tion  containing  the  copper  and  this  metal,  a  white  precipitate  of 
calcium  carbonate  was  formed.  The  formation  of  this  {)recipitate 
was  owing  to  the  presence  of  a  considerable  quantity  of  potassium 
carbonate  in  the  potassium  cyanide  used,  which  is  usually  the  case 
with  the  commercial  salt.  The  white  precipitate  was  allowed  to 
settle  after  each  addition  of  the  cyanide  before  judging  from  the 
colour  of  the  fluid  whether  the  operation  was  finished.  In  case, 
however,  the  precipitate  should  in  any  way  interfere  [with  the 
colour  of  the  liquor  (as  will  be  seen  afterwards  seems  to  be  the  case 
with  some  other  metals),  the  precipitate  was  filtered  ofi*,  when  the 
operation  was  considered  as  finished;  but,  from  the  colour  of  the 
filtered  liquid,  it  was  evident  that  the  precipitate  did  not  interfere, 
the  same  faint  violet  tinge  remaining  as  when  the  precipitate  was 
mixed  with  the  fluid. 

It  will  be  seen  from  Table  I.  that  a  larger  volume  of  cyanide 
solution  was  consumed  than  when  no  calcium  was  present,  shewing 
•0027  gramme  more  copper  than  was  really  present.  As  thig  differ- 
ence does  not  seem  to  be  due  to  an  optical  effect  (as  is  probably  the 
case  with  some  of  the  metals  which  give  coloured  precipitates),  it 
may  be  fairly  presumed  that  it  arises  from  some  chemical  action 
between  the  potassium  cyanide  and  the  calcium  salt. 

Barium  and  Strontium. — The  same  remarks  are  applicable  to 
these  metals,  although  the  interference  of  each  metal  is  greater  than 
that  of  the  calcium. 

Magnesium. — There  is  nothing  special  to  note  about  this  metal, 
the  solution  remaining  perfectly  clear,  and  its  interference  being 
comparatively  little. 

Zinc. — In  the  case  of  this  metal  the  solution  remained  clear.  It 
interferes  with  the  estimation  in  a  greater  degree  than  any  of  the 
metals  yet  noticed,  giving  about  one-fifth  more  copper  than  was 
actually  present. 

Cadmium. — This  metal  also  interferes  in  the  same  direction  as 
zinc,  though  not  nearly  to  such  an  extent  as  the  latter  metaL 

Aluminium. — In  the  case  of  this  metal  the  white  gelatinous 
precipitate  of  alumina  was  thrown  down  by  the  ammonia  used. 
The  amount  of  copper  obtained  was  considerably  too  high. 

Iron  (ous). — ^An  attempt  was  made  to  estimate  the  copper  in 
presence  of  iron  in  the  ferrous  state  of  combination,  but  it  was 
unsuccessful,  owing  to  the  incomplete  precipitation  of  the  iron  as 
ferrous  hydrate  by  ammonia,  and  the  consequent  continuous  pre- 
cipitation of  oxide  of  iron  from  the  solution  by  the  action  of  the 
air.     The  precipitation  of  the  oxide  of  iron  wbnt  on  for  hotirs^ 
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keeping  the  solution  so  muddy  that  it  was  impossible  to  perceive 
the  blue  colour  of  the  fluid.  By  this  time  the  ferrous  hydrate  waa 
pretty  well  converted  into  ferric  hydrate,  and  though  the  precipi- 
tate now  settled  and  left  the  fluid  clear,  it  was  useless  to  proceed 
with  the  operation,  as  it  would  simply  be  the  estimation  of  copper 
in  presence  of  iron  in  the  ferric  state.  This  matters  the  less,  as 
it  is  not  necessary  to  estimate  copper  in  presence  of  iron  in  the 
ferrous  state — ^the  conversion  from  the  latter  into  the  ferric  condi- 
tion being  very  easy. 

Iran  (ic). — ^All  the  iron  is  precipitated  in  this  case  by  the 
ammonia  as  ferric  hydrate,  and  it  is  customary  and  is  considered 
most  accurate  to  estimate  the  copper  in  presence  of  this  precipitate. 
This  is  done  because  of  the  difficulty  of  separating  the  copper  by 
precipitating  the  ferric  hydrate  with  ammonia,  a  portion  of  the 
copper  being  retained  by  the  precipitate,  even  though  the  latter  be 
redissolved  and  reprecipitated. 

It  will  be  seen  frt>m  Table  I.  that  when  the  ferric  hydrate  pre- 
cipitate is  retained  in  the  liquor,  a  low  result  is  the  consequence. 
After  the  operation  seemed  to  be  finished,  the  precipitate  was 
filtered  off,  but  on  examining  the  filtrate  the  colour  was  found  not 
to  be  discharged  to  the  proper  extent.  The  addition  of  the  cyanide 
solution  to  the  clear  fluid  was  therefore  continued  till  the  proper 
point  was  reached,  and  in  the  first  example  given  on  the  table 
1*1  C.C.,  and  in  the  second  1  cc,  more  of  the  cyanide  was  con- 
sumed, making  in  all  37  cc.  in  each  experiment.  These  results 
shew  that  when  the  precipitate  was  retained  in  the  liquor,  the  error 
was,  as  a  mean,  *0017  gramme  too  low,  and  in  the  filtrate  *0041 
gramme  too  high.  Other  experiments,  made  when  the  ferric 
hydrate  precipitate  was  not  allowed  to  settle  so  completely  as  in 
the  experiments  just  mentioned,  gave  considerably  lower  results 
than  those  given  on  the  table. 

The  cause  of  these  differences  is  manifestly  of  a  two-fold  character. 
In  the  case  of  the  determination  of  the  copper  in  the  presence  of 
the  ferric  hydrate,  the  result,  as  already  stated,  is  too  low,  and 
this  seems  to  arise  from  an  optical  effect — ^the  colour  of  the  precipi- 
tate seeming  to  neutralise  the  blue  tint  of  the  fluid  above  it,  so  that 
when  the  clear  solution  is  poured  or  filtered  off,  the  blue  tint  still 
remaining  is  intense  enough  to  be  perceived  at  once.  This  view  is 
supported  by  the  fiskct  that  when  a  disc  of  red  paper  is  placed  at  the 
bottom  of  the  filtered  fluid — ^the  blue  colour  of  which  is  very  dis- 
tinct*-the  colour  of  the  fluid  is  partly  neutralised.  The  fact  that 
the  filtered  fluid  consumed  such  an  additional  amount  of  cyanide 


138  Philosophical  Society  of  Glasgow. 

points  to  the  probability  that  there  is  some  chemical  action  between 
the  cyanide  and  the  iron  compound. 

Manganese, — ^With  regard  to  this  metal  it  will  be  seen  from 
Table  I.  that  the  amount  of  copper  found  was  about  one-fourth  too 
low,  an  eflfect  quite  the  reverse  of  that  produced  by  zinc.  In  this 
<:asey  also,  as  in  that  of  iron  in  the  ferric  state,  the  presence  of  the 
precipitate  influences  the  colour  of  the  solution,  making  it  appear 
nearly  colourless,  when  really  its  blue  tint  is  quite  apparent  on 
being  filtered  off.  Indeed,  the  filtered  liquid  consumed  in  the  first 
example  given  on  the  table,  1*2  c.c,  and  in  the  second  2*3  c.a, 
more  of  the  cyanide  solution,  giving  still  a  mean  error  of  '04 
gramme  too  low. 

Chromium. — The  oxide  of  chromium  was  i)recipitated  by  the 
ammonia,  and  after  the  addition  of  a  limited  quantity  (about  24  cc.) 
*of  the  cyanide  solution,  the  fluid,  after  the  precipitate  had  settled, 
was  seen  to  have  a  greenish-blue  colour.  The  precipitate  was  now 
filtered  off  and  more  cyanide  added,  but  when  from  30  to  35  cc 
had  been  used,  the  solution  assumed  a  pinkish-brown  colour.  It  is 
obvious,  therefore,  that  it  is  impossible  to  decide  when  the  estima- 
tion is  finished. 

Cobalt — ^When  about  40  cc.  of  the  cyanide  solution  were  added 
to  the  solution,  the  latter  assumed  a  greenish-blue  colour,  and  on 
further  addition  the  solution  became  greenish,  with  a  brown  tinge; 
but  after  the  addition  of  about  70  c.c,  the  green  altogether  dis- 
tippeared,  and  the  solution  acquired  a  brownish  colour.  It  is 
evident  that  it  is  impracticable  to  estimate  copper  in  presence  of 
large  quantities  of  cobalt,  owing  to  the  impossibility  of  determining 
the  point  at  which  the  operation  is  completed;  and  even  though 
that  were  possible,  a  high  result  would  be  obtained. 

Nickel, — In  the  case  of  this  metal  the  solution  remained  clear 
during  the  whole  process.  The  amount  of  copper  brought  out,  as 
will  be  seen  in  Table  I.,  is  more  than  double  the  actual  quantity 
present. 

Uramv/m. — When  ammonia  was  added  to  the  solution,  a  precipi- 
tate of  uranate  of  ammonium  was  thrown  down,  which  dissolved  on 
the  subsequent  addition  of  the  cyanide  of  potassium.  After  about 
35  cc  of  the  cyanide  solution  had  been  added,  the  solution  became 
^een;  but  the  estimation  could  not  be  considered  as  finished, 
because  this  colour  was  evidently  owing  to  the  mixture  of  the  blue 
copper  salt  with  the  yellow  uranium  salt,  and  therefore  as  long  as 
the  green  colour  remained,  enough  cyanide  had  not  been  added. 
The  addition  of  the  cvanide  solution  was  now  continued,  and  when 
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37  c.c.  in  the  one   experiment  and   37*3  c.c.   in   the   other   \^ 
oonsumed,  the  solution  assumed  a  jellow  colour. 

Tin  (ot»). — ^With  tin  in  the  stannous  condition  a  white  pre< 
tate  was  formed  by  the  ammonia,  which  remained  insoluble.  ' 
<3opper  found  was  much  too  low. 

Tin  (ic). — With  tin  in  the  stannic  condition  a  white  precipii 
was  formed  bj  the  ammonia,  which  did  not  dissolve  to  any  ezl 
sensible  to  the  eye.  The  amount  of  copper  found  was  somew 
too  high,  an  effect  the  reverse  of  that  in  the  case  of  the  stann 
compound. 

Molybdenum, — This  metal  has  no  appreciable  effect. 

Arsenic, — This  metal,  whether  present  in  the  form  of  araeni 
or  arsenic  acid,  does  not  interfere  with  this  process,  the  mean  of 
two  experiments,  as  will  be  seen  by  reference  to  Table  I.,  giv 
exactly  the  amount  of  copper  present. 

Antimony. — In  the  case  of  this  metal  a  white  precipitate  ' 
formed,  which  remained  insoluble.  The  amount  of  copper  foi 
was  considerably  too  high. 

Bismuth, — ^With  this  metal  the  white  hydrate  of  bismuth  ^ 
precipitated  by  the  ammonia,  and  it  remained  insoluble  during 
whole  process.     The  error  was  considerable,  and  on  the  high  sid< 

Lead, — A  white  precipitate  was  also  formed  wii^  this  me 
which  did  not  redissolva     The  interference  was  very  slight. 

Mercury  {(ms), — On  the  addition  of  the  ammonium  chlori 
mercurous  chloride  was  precipitated,  wliich  was  turned  black 
the  ammonia,  and  dissolved  by  the  potassium  cyanide.  Ab 
one-fifbh  more  than  the  actual  amount  of  copper  was  indicated 
this  case. 

Mercury  {ic), — In  this   case  mercuric   chloride  was  used,  f 
when  the  ammonia  was  added  ''white  precipitate"  was  form 
which  dissolved  completely  in  the  potassium  cyanide  subsequen 
added.     The  error  in  this  case  was  rather  greater  than,  and  in 
same  direction  as,  in  the  preceding  case. 

ThcdUwn, — This  metal,  which  was  used  in  the  form  of  nitn 
gave  a  white  precipitate  of  thallious  chloride  by  the  addition  of  i 
4unmonium  chloride,  but  this  precipitate  was  partially  dissoh 
hj  the  ammonia  and  potassium  cyanide  subsequently  added.  1 
mean  of  the  two  experiments  shews  an  error  of  *004  gramme 
high. 

Silver. — ^The  addition  of  the  ammonium  chloride  produced  a  ji 
cipitate  of  chloride  of  silver,  which  immediately  dissolved  in  i 
ammonia,  and  the  solution  remained  clear  dui*ing  the  estimati< 
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A^jresnlt  giving  *0634  gramme  of  copper  too  high,  which  is  about 
one-third  of  the  amount  of  copper  present,  was  obtained. 

Gold, — Bj  the  addition  of  the  ammonia  the  yellow  aurate  of 
ammonium  was  precipitated,  but  was  gradually  dissolved  by  the 
potassium  cyanide.  The  error  is  equal  to  nearly  one-third  of  the 
oopper  present  (too  high). 

FlaHnum, — The  ammonium  chloride  caused  the  precipitation  of 
the  yellow  crystalline  anmionio-chloride  of  platinum,  but  on  the 
addition  of  the  potassium  cyanide  the  most  of  the  precipitate 
dissolved,  and  only  a  small  quantity  of  a  greenish  flocculent  precipi- 
tate remained  insoluble.  A  mean  error  of  '0385  gramme  too  high 
was  the  result. 

A  curious  circumstance  in  connection  with  the  interference  of 
this  metal  may  here  be  noticed.  After  the  process  seemed  to  be 
finished  the  small  precipitate  was  filtered  off,  and  after  the  filtered 
solution  had  stood  over  night  (16  or  18  hours),  the  solution  again 
assumed  a  blue  colour,  and  in  the  first  experiment,  given  on  Table 
I.,  required  1*8  c.c,  and  in  the  second  2  ac.  of  the  cyanide 
solution  to  discharge  the  colour  to  the  proper  extent.  This  return- 
ing of  the  blue  colour  is  remarkable,  because  when  copper  alone  is 
present,  or  when  it  is  along  with  any  of  the  other  metals  noticed, 
the  tendency  is  for  the  faint  colour  left  in  the  solution  altogether  to 
disappear  and  leave  the  solution  colourless. 

PaUadiwm, — On  the  addition  of  the  ammonia,  the  flesh-coloured 
ammonio-chloride  of  palladium  was  precipitated,  which   did  not 
dissolve  to  any  extent  perceptible  to  the  eye,  in  the  excess  of 
ammonia.     When  the  potassium  cyanide  was  added,  using  a  few 
C.C,  at  a  time,  and  allowing  to  stand  for  a  short  time  after  each 
addition,  the  precipitate  gradually  dissolved.    In  the  second  experi- 
ment the  potassium  cyanide  was  added  rapidly,  and  when  about 
48  C.C.  had  been  added,  the  blue  colour  of  the  fluid  was  completely 
discharged,  but  the  ammonio-chloride  of  palladium  was  not  dis- 
solved.    After  standing  for  a  few  minutes,  however,  the  precipitate 
dissolved,  and  the  liquid  became  blue  again,  and  11  ac.  more  of 
the  potassium  cyanide  solution  were  required  to  complete  the 
estimation.     The  mean  error  shewn  by  these  experiments  is  *1249 
gramme  too  high,  or  above  one-half  more  than  the  real  amount  of 
copper  present. 
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The  InUrference  of  Ammonia  in  various  proportions  with  the  Accuracy 
of  the  Froeessfor  Estimating  Copper  by  Cyanide  of  Potassium, 

In  the  experiments  made  on  the  interference  of  ammonia,  the  same 
quantities  of  copper  and  ammonium  chloride  were  used  as  with  the 
metals,  and  the  estimation  of  copper  taken  as  the  standard  of 
reference  was  that  obtained  when  40  c.c.  of  ammonia,  of  sp.  gr. 
'963,  was  present,  being  also  the  same  as  that  used  in  the  case  of 
the  metals.  The  amount  of  interference  caused  by  ammonia  does 
not  rise  in  proportion  to  the  quantity  used;  but  as  more  ammonia 
is  used  the  additional  amount  of  interference  becomes  less,  as  will  , 
be  seen  by  reference  to  Table  II. 


The  Interference  of  Ammoniwrn  Chloride  in  various  proportions  with 
the  Accuracy  of  the  Process  for  Estimating  Copper  by  Cyanide  of 
Potassium. 

In  the  experiments  made  on  the  interference  of  ammonium  chloride, 
the  same  quantities  of  copper  and  ammonia  were  used  as  in  the 
case  of  the  metals,  but  the  standard  to  which  the  results  were 
referred  was  changed  to  the  result  obtained  when  no  ammonium 
chloride  was  used.  The  extent  of  interference,  as  in  the  case  of 
ammonia,  does  not  rise  in  proportion  to  the  quantity  of  ammonium 
chloride  present,  as  will  be  seen  by  reference  to  Table  III. 


The  Interference  of  Ammonium  NiXrate  in  various  proportions  wUh 
the  Accuracy  of  the  Process  for  Estimating  Copper  by  Cyamde  of 
Potassium, 

In  the  experiments  made  on  the  interference  of  this  salt,  the  same 
quantities  of  copper  and  ammonia  were  used  as  in  the  experiments 
with  ammonium  chloride,  and  the  results  were  compared  with  that 
obtained  when  no  nitrate  or  chloride  of  ammonium  was  present. 
The  interference  caused  by  2,  4,  and  6  grammes  of  ammonium 
nitrate  corresponds  very  closely  to  that  caused  by  the  same  quan- 
tities of  ammonium  ehloride;  but  the  interference  of  8  and  10 
grammes  differs  entirely  from  that  of  the  corresponding  quantitiea 
of  ammonium  chloride,  the  former  being  considerably  greater  than 
the  latter.     The  results  are  given  on  Table  lY. 


It  is  obvious  from  these  results  that,  in  the  estimation  of  copper 
by  cyanide  of  potassium,  the  presence  of  the  common  metals^^  with 
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very  few  exceptions,  must  be  avoided.  It  is  also  evident  that  great 
care  must  be  taken  as  to  the  quantity  of  ammonia  and  ammonium 
salts  present,  indeed,  that  the  same  proportion  of  these  salts  should 
be  used  in  each  estimation  as  is  used  in  the  standardising  of  the 
cyanide  of  potassium  solution. 

In  conclusion,  it  may  be  noticed  that  the  slight  interference 
caused  by  some  of  the  metals  may  be  accounted  for,  in  part  at 
least,  by  the  action  of  the  salt  of  ammonium,  formed  by  the  decom- 
position of  the  salt  of  the  metal  when  the  ammonia  is  added. 


TABLE  I. 

Shewing  Results  obtained  by  the  Cyanide  Process  for  the 
Estimation  of  Copper  in  Presence  of  some  other  Metals. 

Amount  of  copper  used,  -2  gramme;  other  metal,  -2  gramme;  NH4CI. 
2^0  grammes;  NH4HO  (sp.  gr.  963)  in  excess,  40  c.c.  Total  volume  of  each 
solution  before  adding  the  cyanide  solution,  150  cc  C.c.  of  cyanide  used 
for  copper  alone,  36*2,  36-3;  mean  36 '25. 


Metal  used. 

Co.  of  Cyanide 
conBumed. 

Copper  fonnd 
(apparent). 

Error  (mean). 

Condition  of    . 
Solution.        , 

Potassium 

Sodium 

36-1— 36-2 
36-2—36-3 
36-8- 36-7 
37-1—36-8 
371—373 
36-5-36  7 
43-7—43-8 
38-7-38-8 
37-6-37-6 

35-9—36  0 
27-4—27-1 

... 

80-6^79-8 
37  0-37-3 
33-0—32-8 
36-8—36-7 
36-2-36-2 
36-2—36-3 
36-9-37-0 
37-0—37-3 
36-4—36-4 
43-3—43-1 
44-6—44-8 
36-9—37-1 
477-47-8 
481—48-1 
43-2—43-3 
58-8-59-0 

•1991—1997 
-1997— -2003 
-2030— -2024 
•2046— -2030 
•2046— -2057 
•2013— -2024 
-2411— -2416 
•2135— -2140 
•2069- -2074 

-1980-1986 
-1611—1495 

•  •  • 

^13111.4403 
•2041— -2057 
•1820—1809 
•2030- -2024 
•1997—1997 
•1997— -2003 
•2035— -2041 
•2041— -2057 
-2008— -2008 
•2388— ^2377 
-2460— -2471 
•2035— -2046 
•2631— -2637 
•2653— -2653 
•2383-2388 
-3244— -3255 

-0006  low. 

•0027'high. 
-0038    „ 
-0051     „ 
•0018    „ 
•0413    „ 
-0137    „ 
-0071    „ 

-OOI7I0W. 
•0497    „ 

•  •  • 

•2408  high. 
•0049    „ 
-0186  low. 
-0027  high. 
-0003  low. 

•0038*  high, 
•0049    „ 
•0008    „ 
•0382    „ 
•0466    „ 
-0040    „ 
•0634    „ 
•0653    ,. 
•0385    ,; 
•1249    „ 

clear. 

19 
ppt 

n 

»f 

clear. 

n 

It 

ppt 

>f 
>> 
f» 
t  > 

dear. 

>> 

1 
ppt 

»t 

clear. 

»» 
ppt 

f> 

i> 
dear. 

»» 
ppt. 
dear. 

>» 
opt 
clear. 

Calcium 

Barium 

Strontium 

Magnesium 

ZinCr r 

Cadmium 

Aluminium 

Iron  (ous) 

Iron  (ic) 

Manganese 

Chromium 

Cobalt 

Nickel 

Uranium 

Tin  (ous) 

Tin(ic) 

Molybdenum.. 
Arsenic 

Antimony 

Bismuth 

Lead 

Mercury  (ous) . 
Mercury  (ic)... 

Thallium 

Silver 

Gold 

Platinum 

Palladium 
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TABLE  II. 

Shewing  Eesults  obtained  by  the  Cyanide  Process  for  the 
Estimation  of  Copper  in  Presence  of  Ammonia  in  various 
Proportions. 

Amount  of  copper  used,  "2  gramme;  NH4CI,  2*0  grammes.  Total  volume  of 
each,  solution  before  adding  the  cyanide  solution,  150  c.c  C.c.  of  cyauide  con- 
sumed in  presence  of  40  c.c.  of  ammonia  (sp.  gr.  -963),  36*2,  36*3;  mean» 
36*25. 


1 

Amount  of  Ammonia    1         C.c.  of  CjAnide 
(sp.  gr.  i)63)  U8e<l.                  consumed. 

Copper  found             ^rror  (mean), 
(apparent).               ™*"*  v«"«»"/. 

60  CO. 

80    „ 
100    „ 
120    „ 

370-37  1   . 
37  •6-37-8 
37*9— 38*0 
38-1-38-2 

•2041— *2046 
•2074— -2085 
•2090-*209(J 
•2102- -2107 

•0043 
•0079 
•0093 
•0104 

TABLE  III. 

Shewing  Results  obtained  by  the  Cyanide  Process  for  the 
Estimation  op  Copper  in  Presence  of  Ammonium  Chloride  in 
VARIOUS  Proportions. 

Amount  of  copper  used,  ^2  gramme;  NH4HO  (sp.  gr.  *963),  40  cc.  Total 
volume  of  each  solution  before  adding  the  cyanide  solution,  150  cc.  C.c  of 
cyanide  consumed  when  no  NH4CI  was  present,  34*8,  34*9;  mean,  34*85. 


Amount  of  NH4CI 

C.c.  of  Cyanide 

Copper  found 

Error  (mean) 

uiied. 

consumed. 

(apparent). 
•2077— •20»? 

2G^ramme8 

36-2-36-3 

•0080 

4        ,. 

36*9— 36*9 

•2117— -2117 

•0117 

6       ,t 

37 -4-37 -5 

•2146-2152 

•0149 

8       „ 

37-6-370 

•2167— -2157 

•0157 

10        ,. 

37  •7-37*8 

•2163— -2100 

•0166 
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TABLE  IV. 

Shewing  Results  obtained  by  the  Cyanide  Pbocess  fob  the 
Estimation  of  Coppeb  in  Fbesence  of  Ahmoniuh  Nitbate  in 
vABious  Peopobtions. 


AznoTint  of  copper  used,  '2  gramme;  NH4HO  (sp.  gr.  '963),  40  c.o.  Total 
▼olmne  of  each  solation  before  adding  the  cyanide  solution,  150  c.c  Co.  of 
cyanide  consumed  when  no  NH4NO8  was  present,  34*8,  34*9;  mean,  34*85. 


Amoont  of  NH^NOs 
ased. 

Co.  of  Cyanide 
oonsmned. 

Ck>pper  foand 
(apparent). 

Error  (BieaD). 

2  Grammes. 

6       " 

8       " 

10       „ 

36*2-36-3 
36*8-^-9 
37*5-37*4 
38*3-38*4 
38*6—38*6 

a 

•2077— -2083 
•2111— -2117 
•2162— ^2146 
•2197— -2203 
•2215-*2216 

1 

•0080 
•0114 
*0149 
-0200 
•0216 
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X.Xl,—Eoctract  from  a  letter  of  WiLJjiA^  Froude,Esq.,  C.K,F.R.S., 

to  Sib  Wh.  Thomson,  dated  CJieUton  Cross,  Tor(pjLay,  20th 
December,  1875. 


[Read  before  the  Society,  February  23,  1S76.] 


•N       A 


\ 


I 


\ 


*         *  ♦      <«  One   result   I   have  tried   came   out  well : — 

the  discharge  through  an  introverted  cylinder  with  keen  edge. 
Here  by  theory  the  area  of  the  sec- 
tion of  the  jet  ought  to  be  exactly 
half  that  of  the  aperture.  For  the 
conservation  of  stream  line  energy 
obliges  the  velocity  to  be  that  due 
to  the  head,  while  the  conservation 
of  momentum  requires  that  the 
pressure  on  the  aperture  (which 
here  is  the  sole  operative  pressure 
acting  in  the  ultimate  direction  of 
the  velocity  generated)  is  only 
sufficient  to  create  as  much  mo- 
mentum, say,  per  second,  as  will 
be  resident  in  the  length  delivered 
per  second,  of  a  column  of  discharge 
of  half  the  sectional  area  of  the 
aperture,  if  its  velocity  is  that  due 
to  the  head. 

"  The  cylinder  was  quite  smooth  i 

outside,  and  the  edge  quite  keen. 

The  area  ratio  came  out  0*503,  0502,  <fec.,  instead  of  0*500,  and  the 

little  excess  was  obliterated,  if  the  head  was  counted,  to  about  \ 

the  diameter  of  the  apertui*e  below  the  edge;  as  indeed  it  ought  to 

be  (I  won't  swear  to  the  exact  figure  J),  because  till  the  motion  of 

the  particles  is  purely  parallel  to  the  axis,  there  must  be  some 

acceleration  to  be  effected  in  the  direction  of  the  axis,  and  this 

demands  the  employment  of  som^  vertical  pressure. 

♦  •  «  «  «  «  • 
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rerted  cylinder;  though  it  ^ 


.^^ 


W/^ 
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Will 


In  the  vena  amtracla  expeiiment  with  the  thin  pUtes  &nd  open  air 
between  the  plates,  the  fliiid  was  wel- 
come, if  it  pleased,  to  start  tangentudly 
from  the  plane  of  the  apeitnre  [as  here 
indicated,  and  as  it  appears  to  do  if 
closely  studied.    So  also  with  the  intra- 
not  possible  to  see  what  happened, 
I  have  no  doubt  that  the  motion 
of  the  particles  next  the  edge  was 
vertical  upwards,  the  cnrvature 
being  only  such  as  the  pressure 
in  the  contiguous  stream  could 
satisfy.    If  the  experiment  was 
not  adroitly  initiated,  the  water 
seized  the  inner  snr&ces  of  the 
cylinder  and   ran   out    in   an 
eddied    condition,    filling    the 
discharge  pipe.  When,  however, 
it   was   properly   started,    the 
contracted  column  below  issued 
with  beautiful  smoothness  and  symmetry." 

After  communicating  the  preceding  extract  from  a  letter  which 
he  bad  received  from  Mr.  Froude,  Sir  W.  Thomson  said  that  on 
receiving  the  letter  he  had  been  greatly  struck  with  this  passage, 
as  containing  the  first  rigorous  investigation  of  the  wna  contracta, 
otherwise  than  by  experiment,  which  had  hitherto  been  made ;  and 
that  he  had  therefore  asked  for  and  obtained  permission  from  Mr. 
Froude  to  communicate  it  to  the  Philosophical  Society,  He  referred 
to  a  letter  from  Sir  Isaac  Kewton  to  Cotes,  in  which  the  area  of  the 
contracted  rein  in  the  case  of  water  issoing  frvm  a  circular  aperture 
in  a  thin  plate  was  explained  by  the  convergence  of  the  stream  lines 
of  the  liquid  flowing  towards  the  aperture ;  and  an  experintent  waa 
described  in  which  he  (Newton)  had  actually  measured  the  diameter 
of  the  contracted  vein,  and  found  it  to  be  JJ^  of  the  diameter  of  the 
orifice.  This  makes  the  area  of  the  contracted  vein  (fj)*,  or  -7058  <»f 
the  area  of  the  orifice.  Froude'sdynamicalreasoning,  which  shews  the 
area  of  the  contracted  vein  to  be  exactly  half  the  area  of  the  orifice 
in  the  case  of  the  introverted  tube,  shews  that  it  most  be  more  than 
half  the  area  of  the  orifice  in  the  case  in  which  water  fiows  from  an 
aperture  in  a  thin  plate,  which  is  remarkably  in  agreement  with 
iffew ton's  experiment. 
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Sir  W.  Thomson  promised  to  append  to  tHe  present  communica- 
tion an  extract  from  Newton's  letter,  which  is  contained  in  a  yolume 
of  Correspondence  of  Sir  Isaac  Newton  and  Professor  Cotes, 
including  Letters  from  other  Eminent  Men,  published  in  1850  by 
Mr.  J.  Eddlestone,  Fellow  of  Trinity  College,  Cambridge,  from 
originals  in  the  Library  of  Trinity  College.  The  following,  accord- 
ingly, is  the  extract  from  Newton's  letter,  with  a  foot-note  by  Mr. 
Eddlestone,  which  is  interesting  as  shewing  the  origin  of  the  term 
"  vena  contracta"  :— 

Newton  to  Cotes. 

"St.  Martin's  Stbeet,  by  Leicester  Fields, 

March  24^  171?. 
"  Sib, 

*  ♦  ♦  "  That  you  may  have  the  clearer  Idea  of  the  experiments 
in  the  beginning  of  the  inclosed  paper,  let  ABCD  represent  a 
vessel  full  of  water,  perforated  in  the  side  with  a  small  hole  EF 


made  in  a  very  thin  plate  of  sheet  tin.  And  conceive  that  the  water 
converges  towards  the  hole  from  all  parts  of  the  vessel  and  passes 
through  the  hole  with  a  converging  motion,  and  thereby  grows  into 
a  smaller  stream  after  it  is  past  the  hole  then  it  was  in  the  hole. 
In  my  trial  the  hole  £F  was  |  of  an  inch  in  diameter,  and  about 
half  an  inch  from  the  hole  the  diameter  of  the  stream  BS*  was  but 

"  *  ES  IB  the  diameter  of  the  '  sectio  vensB  contracto '  (a  term  first  used  by 
Jnrin,  Philosqph.  Transact.,  Sept— Oct.,  1722,  p.  185 ;  and  afterwards  by  Dan. 
Bemouilli,  Hydrodynam.,  p.  65.  Jurin  also  uses  **  vena  contracta  "  to  denote 
the  same  thing,  and  the  expression  is  still  retained  in  works  on  Hydrostatica, 
thongh  differently  defined  by  different  writers,  most  of  them  describing  it  as 
that  part  of  the  issuing  flaid  between  the  oriOce  and  the  section  whose  diameter 
isKS)." 
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f^  of  an  incL  And  therefore  the  streame  had  the  same  Telocity  as 
if  it  had  flowed  directly  out  of  a  hole  but  |^  of  an  inch  wide.  And 
so  in  Marriott's  experim^  the  stream  had  the  same  velocity  as  if  it 
had  flowed  directly  out  of  a  hole  but  ^f^  of  an  inch  wide.  In  com- 
puting the  velocity  of  the  water  w'**  flows  out,  we  are  not  to  take 
the  diameter  of  the  hole  for  the  diameter  of  the  streame,  but  to 
measure  the  diameter  of  the  streame  after  it  is  come  out  of  the  hole 
and  has  formed  itself  into  an  eaven  and  uniform  streame.  And  the 
velocity  thus  found  will  be  what  a  body  would  get  in  falling  firom 
y*  top  of  the  water ;  as  is  manifest  also  by  the  distance,  CG,  to  which 
the  stream  will  shoot  itself,  and  also  by  the  streams  ascending  as 
high  as  the  top  of  y*  water  stagnating  in  the  vessel,  if  the  motion 
be  turned  upwards. 

"lam 

"  Your  most  humble  k,  most  obliged  servant, 

"IS.  NEWTON. 

"  For  the  R*^  Mr  Roger  Cotes,  Professor  of  Astronomy, 
at  his  Chambers  in  Trinity  College,  in  the  Univcr»ity 
of  Cambridge." 
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XXII.— On  &e  Vena  Contracta.     By  Jaues  Thomsok,  LL.D.,  C.E., 
Frofenor  of  Engineering  in  the  Univeniity  of  Gla^ov. 

[The  following  communication  from  FrofesBor  Jamea  Thomson, 
LL.D.,  C.E.,  relating  to  Sir  William  Thomson's  Paper,  and  to  the 
DiscoBsion  npon  it,  was  submitted  to  the  Committee  on  Papers  on 
3lBt  March,  1S76,  and  iainserted  by  authority  of  the  Committee.] 


It  is  proposed  to  prove  that  in  a  jet  of  water  issuing  from  a  circular 
orifice  either  in  a  thin  plate  (as  in  fig.  1),  or  at  the  extremity  of  a 


Fig-l. 


Hg.2. 


round  nozzle  protruding  (as  in  %.  2),  or  reentrant  (as  in  fig.  3), 
but  convergent  in  every  case  towards  the  orifice,  the  cross-sectional 
area  of  the  "vena  confrocto,"  where  the  water  begins  to  have 
sensibly  parallel  stream  lines,  is  mora  than  half  l/ie  area  of  the 
oryice;  and  that  this  condition  only  ceases  for  a  re-entrant  nozzle 
when  that  {as  in  fig.  4)  ceases  to  be  convergent,  and  becomes  the  re- 
entrant tube  treated  of  in  Mr.  Froude's  hydraulic  theorem,  which 
has  been  laid  before  the  Society  in  Sir  William  Thomson's  com- 
munication. 

This  proposition  is  to  be  understood  as  being  stated  only  for 
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orifioBB  verj  Bmall  in  comparison  to  their  depth  below  the  &ee 
Bor&oe  level  of  the  statical  water  j  and  it  may  be  noticed  that  it  is 
only  thifl  case  that  has  usually  been  contemplated  in  statements  as 
to  the  form  of  the  contracting  vein,  from  the  time  of  Sir  Isaac 
Newton's  inrestigatioDS  on  this  subject   down   to  present  times. 


The  demonstration  is  also  dependent  on  the  supposition  that  in 
cases  of  this  kind  the  influence  of  fluid  friction  or  Tisooaity  may 
without  important  error  be  neglected.  It  is  also  to  be  observed 
that  the  scope  of  the  proposition  is  limited  to  jets  from  circular 
orifices;  because,  for  jets  &om  orifices  of  other  forms  than  the 
circular,  there  is  no  pUce  that  can  properly  be  called  the  contracted 
vein  with  flow  along  stream  lines  sensibly  parallel. 

Let  a  denote  the  area  of  cross-section  of  the  contracted  vein  where 
the  stream  lines  are  parallel. 

Let  h  be  the  depth  from  the  still-water  surface  level  in  the 
cistern  to  the  centre  of  the  orifice. 

Let  V  be  the  velocity  at  the  contracted  vein,  a  velocity  which 
we  know  in  this  case  must  be  =  .J^gh. 

Let  e  denote  the  density  of  the  water,  expressed  as  the  mass  per 
unit  of  volume. 

Thus  we  luive 

Volume  per  second  =  a  J^ 
Mass  per  second  =  (a  t/^^A 
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and  therefore. 

Momentum  per  secoad  in  directioa  of  the  flow  =  ^'Z^A. 

Bat  the  unbalanced  force  given  hy  the  vessel  to  the  water  in  a 
horizontal  direction  in  the  case  shewn  in  fig.  1,  when  the  orifice  is 
in  a  vertical  plate,  or  when  the  flow  at  the  contracted  vein  is 
horizontal,  must  be  equal  nnmericallj  to  the  momentam  produced 
per  second.*  Tbia  ia  founded  on  a  well-known  dynamic  principle, 
and  ia  easily  proved,  and  need  not  be  demonatrated  in  detail  here. 
Now  the  reaction  force  received  by  the  vessel  from  the  water  is  a 
force  the  same  in  amount  but  opposite  in  direction.  Let  this  be 
denoted  in  amount  by  E.     Thua  we  have 

nnd  now  we  see  that  this,  being  double  of  yjoA,  is  double  the 


It  ia  to  be  tmdentood  that  the  forcea  referred  to  in  tbe  preMot  paper  an 
eiprened  nmnerically  in  kinetic  nniti  of  force,  icoordins  to  the  method  of 
Gau..*;  or  that  the  unit  qf/orct  U  Ihe/orci  vJiUh,  acting  onaunao/  ma«/or  a 
•u*  of  time,  leOi  jnyxirl  toUaHnU  qfpelodly. 
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gravity  of  a  column  having  a,  the  cross-section  of  the  contracted 
vein,  for  cross  section,  and  h  for  heights 

Suppose  now  the  orifice  to  be  at  first  stopped  with  a  closely 
fitting  but  firictionless  cylindrical  plug,  like  a  piston,  as  in  fig.  5, 
and  that  the  plug  is  afterwards  removed  to  allow  the  water  to  flow. 
While  the  close  fitting  but  frictionless  piston  or  ping  is  in  the 
orifice,  and  is  held  there  against  the  water-pressure  by  an  externally 
applied  force,  the  water^s  reaction  against  the  cistern,  which  may  be 
called  Hp  will  be  equal  to  the  water-pressure  on  the  plug — ^that  is 
=  g^Ah^  where  A  is  put  to  denote  the  area  of  the  orifice.  On 
removal  of  the  piston  the  water-pressure  on  the  remote  &oe  of  the 
cistern,  where  the  water  has  no  important  velocity,  remains  un- 
altered, but  some  pressure  round  the  margin  of  the  orifice,  repre- 
sented by  the  arrows  at  C  and  D,  is  removed.  Let  this  abatement 
of  pressure  or  of  force  applied  to  the  vessel  in  a  direction  parallel 
to  the  motion  of  the  water  in  the  contracted  vein  be  denoted  by  P, 
and  let  R  be  put  to  denote  the  total  reaction  force  on  the  vessel 
when  the  jet  is  flowing;  then  we  have 

or. 

But  we  saw  before  that 

'R  =  2g^ah. 
Hence,  ^^eAA  -f  P  =  2g^(ih. 

or. 


a=^A  + 


P 

2gth 


Which  is  what  was  to  be  proved,  as  it  shews  that   a  is  more 
than  ^  A. 

The  same  mode  of  proof  applies  obviously  to  shew  that  the  like 
result  holds  good  for  all  cases  of  the  contracted  vein  issuing  from 
a  circular  orifice  at  the  extremity  of  a  round  nozzle  convergent  to- 
wards the  orifice,  and  that  the  condition  only  ceases  to  hold  when 
the  case  of  the  re-entrant  tube  is  reached,  which  has  been  investi- 
gated by  Froude,  and  treated  of  in  the  preceding  paper  of  Sir 
William  Thomson.  Also,  further,  it  will  become  obvious  in  like 
manner  that  when  that  case  of  the  re-entrant  cylindric  tnbe  xb 
snrpasaed,  as  in  fig.  6,  so  that  the  re-entrant  nozzle  is  divei^nt 
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tovftrds  the  orifice,  but  stUl  such  as  to  permit  the  water  to  apont 
off  from  the  edge  of  the  orifice  and  to  contract,  without  having 


further  contact  with  the  nozzle,  the  cross-sectional  area  of  the  jet 
at  the  place  called  the  "  vena  contracta "  is  kaa  than  half  tits  ana 
of  the  orijiee. 
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XXIII. — Remark$  on  the  Commumeoitions  on  the  Vena  Coniraeia. 

By  R  D.  Napier,  Esq. 


[Inserted  by  antlumtj  of  the  CoancO,  April  12,  1ST6.] 


I  quite  agree  with  the  conclusion  at  which  Mr.  Fronde  has 
arrived,  that  in  the  case  of  an  introverted  parallel  tabe  the  area 
of  the  theoretical  vena  contracta  is  half  that  of  the  cross  section  of 
the  tnbe.  I  also  agree  with  Professor  James  Thomson  in  the  proof 
lie  has  given,  that  in  the  other  cases  to  which  he  has  referred,  the 
actual  vena  eonirada  must  be  greater  than  half  the  area  of  the 
outlet. 

Professor  James  Thomson's  demonstration  with  regard  to  the 
case  of  water  flowing  through  an  orifice  in  a  thin  plate  is  nearly 
identical  with  one  I  gave  in  a  i>amphlet,*  published  in  1866. 

I  shewed  that  if  there  were  no  reduction  of  pressure  on  the  sur- 
£etce  round  the  orifice,  the  discharging  force  would  be  equal  to  the 
area  of  the  orifice  multiplied  hy  the  pressure  due  to  the  head,  in 
which  case  the  area  of  the  vena  coTUracta  would  be  half  of  that  of 
the  orifice,  and  the  discharge  would  be  just  half  of  the  common 
theoretical  quantity.  Again,  I  shewed  that  as  the  water  must 
approach  the  orifice  in  converging  lines,  there  must  be  a  reduction 
of  piressure  on  the  surface  round  the  orifice,  and  in  consequence  of 
which  the  discharge  must  be  greater  than  half  the  common  theo- 
retical quantity.  This  would  require  that  the  area  of  the  vena 
eonirada  should  be  grealer  than  half  that  of  the  orifice. 

Having  nothing,  however,  but  experiment  to  guide  us  as  to  the 
amonnt  of  the  reduction  referred  to,  it  could  not  be  included  in  a 
purely  theoretical  investigation.  I  therefore  made  the  general 
assertion  that  the  area  of  the  true  theoretical  vena  contracta  is  half 
that  of  the  orifice. 

It  has  long  been  known  that,  when  water  flows  through  an  orifice 
in  a  thin  plate,  the  area  of  the  vena  contracta  is  about  a  fourth 
part  greater  than  half  the  area  of  the  orifice.  Reasoning  on  this 
ftct,  I  concluded  that  the  discharging  force  itself  must  be  a  fourth 

*  *'0n  tJie  Velocity  of  Steam,**  &c.    By  B.  D.  Napier.    E.  &  F.  N.  Spon. 
1806. 
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part  greater  than  the  statical  force,  and  if  so,  that  the  area  of  the 
vena  contracta  is  proportionate  to  the  discharging  force.  Fourteen 
years  ago  I  proved  the  accuracy  of  this  conclusion  by  an  experiment 
which  is  described  in  my  pamphlet. 

Mr.  Froude's  experiments  shew  that  in  the  case  of  the  introverted 
tube  the  actual  vena  contracta  agrees  with  the  theoretical,  and  we 
now  see  that  it  varies  directly  as  the  discharging  force.  Therefore, 
in  either  case  the  convergence  of  the  stream  towards  the  outlet 
offers  little  or  no  obstruction  to  the  flow,  and  consequently  cannot 
be  the  cause  of  the  vena  contracta. 

Both  the  convergence  towards  the  orifice  and  the  contraction 
outside  of  it  are  necessary  to  any  intelligent  conception  of  how  the 
act  of  flowing  could  take  place  through  a  non-convergent  outlet. 

I  have  proved  in  the  pamphlet  referred  to,  that  the  pressure  in 
the  plane  of  the  orifice  is  nearly  half  the  pressure  due  to  the  head, 
and  that  from  thence  to  the  vena  contracta  it  gradually  diminishes 
to  zero.  This  diminishing  pressure  causes  increasing  velocity,  and 
is  thus  the  direct  cause  of  the  vena  coniracta. 

About  three-eighths  of  the  ultimate  velocity  and  five-eighths  of 
the  ms  viva  is  imparted  to  the  water  outside  of  the  plane  of  the 
orifice,  and  it  is  absurd  to  attribute  these  effects  either  to  what  I 
may  call  the  converging  momentum  being  transferred  from  one  side 
of  the  orifice  to  the  other,  or  to  the  converging  particles  preventing 
the  free  egress  of  the  stream  through  the  orifice,  which  are  the  only 
views  hitherto  offered  to  explain  the  cause  of  the  vena  contracta. 
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XXIV. — Description  of  Recently  Discovered  Foreign  Lichens. 

By  James  Stirton,  M.D.,  r.L.S. 


[Read  before  tOie  Society,  April  26,  1876.] 


Through  the  kindness  of  Professor  Dickie  of  Aberdeen,  I  baTe 
been  fevonred,  from  time  to  time,  during  the  last  twelve  montbs, 
with  small  parcels  of  lichens  sent  to  him  from  various  parts  of  the 
world;  and  although  evidently  gathered  within  very  restricted 
limits,  they  are  sufficiently  characteristic  of  the  several  lichen 
floras  to  warrant  a  record  of  them;  besides,  there  is  a  £dr  sprinkling 
of  novelties. 

The  perplexing  genus  Parmelia  is  sparsely  represented,  and  the 
specimens,  in  many  cases,  very  imperfect ;  but  as  it  is  of  importance, 
in  a  scientific  point  of  view,  to  present  any  peculiar  features  that 
may  reveal  themselves  in  the  course  of  investigation,  I  have  not 
hesitated,  in  one  instance  at  least,  to  state  these  fairly  and  openly, 
leaving  friture  researches  to  determine  their  specific  value. 

The  characteristics  upon  which,  at  the  present  time,  the 
diagnostic  difierences  of  species  of  this  genus  mainly  depend, 
although  sufficiently  curious,  are  still  fluctuating,  and  the  more 
so  as  one's  experience  enlarges ;  and  I  very  much  fear  that,  were 
these  grouped  together  without  regard  to  the  other  features 
(nearly  neglected  in  forming  an  estimate  of  specific  differences), 
but  a  very  meagre  skeleton  of  the  whole  framework  in  each  case 
would  be  presented  to  the  mind.  In  truth,  each  observer  is  apt 
to  allow  his  mind  to  be  swayed  (or  biassed,  if  you  will)  by  certain 
sets  of  characteristics  to  which,  it  may  be,  he  has  devoted  most 
time  and  attention ;  and  in  the  perplexities  arising  from  the  almost 
infinite  variety  of  Nature's  phases  he  is  glad  to  elicit  order,  or  what 
he  may  choose  to  call  such,  moi*e  especially  when  he  finds  that 
Nature  is  true  to  her  characters  in  the  minutest  particulars,  within 
certain  limits. 

The  foliaceous  lichens  require  generally  more  careful  and  patient 
observation  and  research ;  and  if  ever  order  is  to  arise  out  of  the 
preaent  seeming  confusion,  I  maintwi  that  the  development  in  the 
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earlier  stages  of  their  growth  ought  to  be  diligently  observed  and 
noted. 

From  Kuhaon,  East  Indies. 

Leptogium  inflexum,  var.  isidiosulum  (Nyl.).     Sterile. 

Leptogium  phyllocarpum,  var.  isidiosunr  (Nyl.).     Sterile. 

Usnea  ceratina,  /.  Himalayana  (Bab.). 

Kamalina  rigida  (Pers.). 

Stictina  dictyota,  sp.  nov. 

Thallus  lurido-fuscescens  vel  lurido-rufescens,  ambitu  obscurior 
et  nonnihil  virescens,  rotundato-lobatus  et  dissectus,  lineis  elevatis 
reticulatis  obscure  sorediosis  pererratus,  subtus  niger  vel  fusoo- 
niger  dense  tomentosus  vel  potius  breviter  radiculosus  (radiculis 
articulatis  et  pigmento  nigro  repletis)  et  spatiolis  nudis  majusculis 
oblongis  pallide  cervinis  et  radiatim  dispositis  interspersus,  cyphellis 
nollis;  gonimia  coeruleo-vii'escentia  in  glomerulis  majusculis  con- 
tenta.     Sterilis. 

No  traces  of  cyphellse  have  been  discovered  in  this  curious 
lichen,  merely  the  broad  flat  spaces,  otherwise  it  might  almost 
be  referred  to  S.  limbata  orfuliginoea. 

Sticta  retigera  (Ach.). 

Sticta  aurata  (Ach.),  c.  fr.;  two  forms,  one  paler  than  the  other, 
but  scarcely  separable. 

Dr.  Nylander  has  recently  constituted  this  and  several  exotic 
species  into  a  new  genus  under  the  name  Parmosticta,  '^  apotheciis 
bene  parmelinis  dignotum." 

Eicasolia  Kavenelii  (Tuck.). 

Parmelia  conspersa  (Ach.). 

Parmelia  perforata  (Ach.).     Sterilis. 

/.  Thallo  pallescente  et  ambitu  pallide  rufescente. 

I  have  noticed  this  change  of  tint  developed  in  the  herbarium  in 
other  instances.  It  is  owing  probably  to  some  internal  chemical 
action  on  the  part  of  the  substance  which  is  tinged  a  deep  red 
byK. 

Parmelia  KamtschadaUs  (Eschw.),  var.  Americana  (Mnt.). 

This  species  also  assumes  various  tints,  and  many  intermediate 
forms  are  recognisable;  but  they  are  scarcely  of  sufficient  importance 
to  warrant  anything  else  than  merely  a  passing  notice. 

Parmelia  Borreri  (Turn.). 

Physda  flavicans,  var.  crocea  (Ach.). 

Physcia  barbifera  (Nyl.),  var.  setigera,  ciliis  nigris. 

Physcia  firmula  (Nyl.). 
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Pertusaria  pallidula,  sp.  nov. 

Thallus  albidus  verrucoso-gran\ilat\is  et  rugosus  (K —  C — ) ; 
apothecia  lecanorlna  in  tuberculis  thallinis  insidentia,  rotunda 
vel  oblonga  planiuscula,  (latit.  -4  — 1*0  mm.)  carneo-pallida  (K — 
C  erythrinosa),  margine  thallino  depresso  irregulari;  sporse  8nae 
incolores  simplices  ellipsoidesB  (pariete  tenui),  -045  -  '055  x  '022  — 
•028  mm.;  paraphyses  graciles  distinctae  copiosse  nonnihil  irre- 
giilares.     lodo  gel.  hym.  intense  coerulescens.     Corticola. 

This  lichen  presents  exactly  the  same  reaction  as  those  of 
Pertusaria  cameopallida,  but  its  spores  are  much  larger  and 
thallus  otherwise.  As  Dr.  Nylander  remarks,  it  is  difficult  to 
decide  whether  to  classify  such  species  with  the  Lecanorse  or 
Pertusari^e. 

Thelotrema  eumorphum,  sp.  nov. 

Thallus  pallide  flavescens  tenuis,  rugulosus  Tel  potius  papillosus 
(K.  flavens  dein  aurantiacus) ;  apothecia  in  protuberantiis  thallinis 
rugulosis  hemisphaericis  majusculis  (latit.  '8-1*3  mm.,  altit.  circiter 
*4  mm.),  ostiolo  firmo  minuto  (latit.  circiter  '08  mm.);  thecse 
monosporse,  sporse  incolores,  murali-reticulatse  fusiformi-ellipsoidese, 
iodo  ccerulescentes  (prsesertim  maturatse),  '14  — -25  x -027  -'044 
mm. ;  paraphyses  confertse  longse  gracDes  apicibus  non-clavatiB 
incoloribus.     Corticola. 

There  is  an  inner  entire  covering  with  a  small  opening  at  the 
apex,  surrounding,  very  frequently,  a  darker  coloured  perithecium, 
as  seen  in  section.  The  mature  spores  are  slightly  lutescent,  not 
fuscescent. 

This  lichen  bears  a  certain  affinity  to  TL  occlusum  (Nyl.),  but 
there  are  manifest  differences. 
Lecidea  leucoxantha  (Spr.). 
Ohiodecton  subfarinaceum,  sp.  nov. 

Thallus  pallide  flavescens  vel  pallide  virescens  tenuis  subfarinaceus 
fusco-limitatus  (C — ) ;  apothecia  in  stromatibus  albis  subflbroso- 
byssinis  (sub  lente  visis)  parvis  depressulis  inclusa,  singula  vel 
plura  in  quovis  stromate,  innata  fusco-nigra  rotundata  vel  oblonga 
interdum  confluentia  parva  (latit.  '1  - '2  mm.);  sporae  6-8n8B  in- 
colores oblongo-fusiformes  (uno  apice  attenuate,  altero  obtusiusculse) 
3  -  septatae  saepius  curvatse,  '036  -  '055  x  -0045  -  -006  mm. ;  para- 
physes distinctae  crassiusculae  irregulares,  ramosae  apicibus  in- 
coloribus ;  hypothecium  fusco-nigrum.  Iodo  pars  superior  hymenii 
primum  coerulescens  dein  totum  pallide  vinose  rubescens  vel 
Intescens.     Corticola. 

Perhaps  this  is  one  of  the  many  forms  of  Ch.  farinaceum  (F^e.), 
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bat  as  there  are  some  peculiar  characteristics,  I  have  given  it  a 
specific  distinction. 

Verrucaria  aggregata  (F6e.). 

Fboh  the  Botanic  Gardens,  Calcutta.      By  Dr.  King. 

Physcia  confluens  (Fr.).     Sterilis." 

Lecanora  subfnsca,  var.  chlarona  (Ach.). 

Lecidea  triphragmia  (Nyl.). 

Graphis  scripta,  var.  flexuosa  (Leight.). 

Arthonia  cinnabarina,  var.  violacea  (Pers.). 

Glyphis  favulosa  (Ach.). 

Verrucaria  libricola  (Fee.)  =  V.  aspistea  (Fee.). 

Verrucaria  catervaria  (F^.). 

From  Galle,  Cevlon. 

Collema  aggregatum  (NyL). 

Parmelia  caperata  (Ach.). 

Parmelia  conspersa  (Ach.). 

Parmelia  subconspersa  (Nyl.). 

Parmelia  Texana  (Tuck.), 
apotheciis  mediocribus,  margine  inflexo  soredloso  cinctis,  sporis  '009 
-  -Oil  X  -006  -  -007  mm.     Corticola. 

I  find  the  reactions  in  the  specimen  are  exactly  those  of  P.  Javu 
gata — viz,  medulla  K — C  red;  but  when  C  is  applied  alone,  a  negative 
result  is  obtained.  I  have  not  seen  F,  Texana,  and  it  is  possible 
that  the  reactions,  as  stated  above,  may  not  correspond  to  those  in 
the  Texan  specimens ;  if  so,  I  propose  for  the  Cingalese  plant  the 
name  Parmelia  Cingalensis, 

Lecanora  punicea  (Ach.). 

Graphis  endophseiza,  sp.  nov. 

Thallus  pallidus  vel  pallido  flavescens,  mollis,  bene  evolutus  (K 

passim  flavens) ;    apothecia   innata,   nigra,    plerumque    simplicia, 

oblonga  interdum  undulata  apicibus  rotundatis,  intus  fuscescentia, 

epithecio  canaliculato,  madefacto  piano  (latit.  *2  -  *3  mm.)  et  csesio- 

pruinoso,  perithecio   nigro  tehui  laterali ;    sporse  8  nas  incolores 

dein  fdscescentes,  oblongse  4-loculares  (loculis  terminalibus  ampli- 

oribus  rotundioribus),    -017- '022  x -007- "008  mm.;    paraphyses 

gradles  non  bene  distinctse,  granulis  et  guttulis  oleosis  inspersse, 

apicibus  fuscis;  hypothecium  non  coloratum.     lodo  gel  hym.  non 

tincta  nee  sporse.     Corticola. 

Opegrapha  Hysterioides,  sp.  nov. 
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XluhUiu  eiikeretia  vix  ^na;  apo«ikeex&  aeasOia  mgrx  racnndrnx^ 
oblongat  yel  fere  Hneiui^  epithecio  csuuklicTiIato  d^oizziL  plamimirula 
et  I&to  (latit.  aaque  '4  mBi.)^  margxne  pgomfimlo  iTiffe-in  ;  spoat  8- 
lUB  mcolores  ohxy^xtst  ^duo  &piee  ftCELtLiiaails)^  6  —  8  —  (pLsmaqTie 
7')  aepUt^,  -028 - -C^ X -007 - -C09  mm.;  pttn^khyaei  gndles 
filifbrmei  gnknaloso-inspersK,  apiciboa  raunosa,  epitKecio  oceroleo- 
Tiigro;  hjpotheciam  incoior.  lodo  geL  hjm.  iumd  tiiictm  nisi 
fiavesceniu  protoplaama  tbeemnnzi  fnlreaceiia.     CcfftieaJsL 

Forte  fongilloa  a&iia  Hjstario. 

Vermcaria  mtida  (Weig.y 

Astrothelium  interlatens  (NtL). 

Fbox  thk  IsLjLXD  OF  Maubxttts — Cokmel  Pixx,  X7.S.  Consul 

Stictina  argyracea  (Bor.). 
Stictina  pericarpa  (Nyl.). 
Sticta  variabilis  (Ack),  var. 

The  specimen  is  eridentl  j  an  intermediate  link  between  iS.  varia- 
lilit  and  S,  damaccmis, 
Parmelia  conspersa  (Ach.). 
Yar.  thallo  sinnoso-inciso  (NjL). 
Ck>llema  byrsinnm  (Acb.). 

Fbox  HuxAysDORP,  South  Africa — ^The  late  Dr.  W.  Sutheblaxd. 

Parmelia  Borreri  (Turn.),  var. 

Parmelia  hottentotta  (Acb.)/ 

Several  forms,  and  one  approaching  F.  paehythaUa  (Spr.). 

Physcia  confluens  (Fr.). 

Lecidc%i  peltnlidea,  sp.  nov. 

Thallus  cervinus  vel  pallide  mfescens  squamosus,  squamis  majos- 
culis  (latit.  3-8  mm.)  intus  chondroideis  saepisaime  umbilicato- 
adfiids  crassiusculis  undulatis  et  partim  imbricatis,  margine  palli- 
diore  subadscendente  cinctis,  subtus  albidos  compacte  £brillosus 
(fibriUis  albidis  ramosis  crassis  [crassit.  *006  -  *009  mm.] );  apotheda 
marginalia  primiim  immersa  demom  prominula  nigra  convexa 
immarginata,  mediocria;  sporse  8  nee  incolores  simplices  ellipsoideae, 
•Oil  -  •014  X  '0065  -  '008  mm.;  paraphyses  crassiuscnlae  non  bene 
distinctse  apicibus  rufo-fuscescentibus  ;  hypothecium  incolor.  lodo 
gel.  hym.  cocrulescens.     Terricola. 

Graphis  scripta,  var.  spathea  (Ach.). 

Vermcaria  canellce  albce  (F^e.). 
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From  the  Ahazovs,  South  America. — Collected  by  Mr.  Trail. 

Leptoginm  tremelloides  (Fr.). 

Leptogium  phjllocarpum  (Pers.). 

Leptoginm  scotinum  (Fr.).  ? 

Cladonia  endivisefolia  (Fr.). 

Cladonia  degenerans  (Flk.). 

Cladonia  deUcata  (Flk.). 

Cladonia  digitata  (HffuL). 

Cladonia  bellidiflora,  var.  Hookerii  (Tuck.). 

Cladonia  Floerkeana  (Fr.). 

Cladonia  pjcnoclada  (Pers.). 

Parmelia  caperata  (Ach.). 

Parmelia  perlata  (AcL). 

Parmelia  snlphurata  (Nees  et  Flot.). 

Parmelia  crassescens,  sp.  nov. 

Thallus  albidus  vel  glaucescenti-albldus  tenuis  Isevis  lobatus, 
laxe  adfiLxus,  subtus  niger,  ambitu  spadiceus  nudus  rugulosus, 
medulla  alba  laxe  fibrillosa  (K  fl.  dein  rubente);  apothecia  badio- 
fuscescentia  mediocria  vel  majuscula  podicellato-elevata,  non  per- 
forata, receptaculo  Isevigato,  margine  fere  integro ;  sporse  6-8  nse 
in  thecis  saccatis  arthonioideis  (pariet.  crassit.  *004  -  '007  mm.) 
ellipsoidese,  simplices,  incolores  '015  —  -022  x  '009  -  OH  mm.;  para- 
phjses  valde  indistinctse  apicibus  pallide  fuscescentibus.  lodo 
geL  hjm.  flavescens,  sporse  flavescentes,  thecte  ccerulescentes 
Corticola. 

The  specimens  are  quite  destitute  of  radicles.  This  may  be  one 
of  the  many  forms  of  P.  perforcUa  or  hypotropa,  but  the  differences, 
as  indicated  above,  are  constant. 

Phjscia  erosa  (Borr.). 

Pyxine  ooccifera  (F^.).     Two  forms. 

Pyxine  cocoes,  var.  sorediata  (Tuck.). 

Coccocarpia  Gayana  (Mnt.). '? 

Pannaria  pannosa  (Sw.). 

Lecanora  Domingensis  (Ach.). 

Thelotrema  olivaceum  (Mnt.). 

Thelotrema  auberianoides  (Nyl.). 

Thelotrema  glyphidellum,  sp.  nov. 

Thallus  cinereo-pallescens  vel  obsolete  virescens  tenuis  nonnihil 
rugolosus;  apothecia  majuscula  (latit.  usque  1*8  mm.)  prominula 
margine  thallino  firmo  erecto  orbiculari  ssepe  irregulari  et  eroso, 
epithedo  pallido  vel  pallido-flavescente,  aperto  plerumque  gyroso 
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ruguloso  et  farinaceo ;  sporse  8  nse  oblongfe  incolores,  vetustce 
fascescentes,  4  -  loculares  interdum  5  -  loculares,  '008  -  -012  x  -005 
— -0065  mm.,  iodo  coerulescentes;  paraphyses  parcae  filiformea;  hypo- 
thecium  incolor.     Corticola. 

This  is  allied  to  Th,  glyphicum,  but  the  spores  are  much 
smaller,  ^c. 

Thelotrema  reconditum,  sp.  nov. 

Thalhis  lurido-cinerascens  vel  obscure  virescens  tenuis  Iffivigatus; 
apothecia  majuscula  (basi  latit.  usque  1*7  mm.)  truncato-oonica^ 
ostiolo  firmo  orbiculari  (latit.  '2  -  '4:  mm.),  margine  proprio  pallido 
tenui  fere  integro,  epithecio  albido-farinoso ;  hymenium  subiculo 
crasso  nigro-carbonaceo  superpositum ;  sporse  8  n»  incolores,  oblonga& 
vel  fusiformi-oblongse  (6  -  9)  -  loculares  (loculis  parvis  angustis),  '014 
-  '02  X  '006  -  '008  mm.,  iodo  coeruleo-tinctse ;  paraphyses  distinctse 
filiformes.     Corticola. 

Coenogonium  Linkii  (Ehrvl.). 

Leddea  parvifoliella  (Nyl.). 

Lecidea  vulpina  (Tuck.). 

Lecidea  aurigera  (F^.). 

Lecidea  chondroides,  sp.  nov. 

Thallus  e  granulis  globulosis  (latit.  circiter  '15  mm.)  pallidis  fere 
omnino  compositus ;  apothecia  intus  pallida,  sessilia  mediocria  (latit. 
circiter  *6  mm.)  fusca  vel  fusco-nigra,  plana,  margine  pallida 
prominulo  laevigato ;  sporas  8  nse  incolores  ellipsoidese,  simplices, 
•01  -  '015  X  -006  -  -008  mm. ;  paraphyses  graciles  non  discrete 
apicibus  non  clavatis  incoloribus ;  hypothecium  fuscum.  Iodo  geL 
hym.  leviter  coerulescens  dein  fulvescens.     Corticola. 

There  is  a  complete  fuscous  conceptacle,  while  the  pale  thalline 
border  is  merely  a  ring  attached  to  what  may  be  considered  the 
proper  margin.  Apart  from  the  internal  constitution  and  reactions, 
this  lichen  might  be  taken  for  a  small  form  of  Leca/nora  gra/niferay 
var.  leucotropa  (Nyl.). 

Lecidea  amaurosa,  sp.  nov. 

Thallus  fusco-cinereus  tenuis  continuus  vel  minute  rimuloso- 
areolatus  nigro-limitatus  (?);  apothecia  mediocria  (latit.  circiter  '8 
mm.)  sessilia  plana  obtuse  marginata;  sporse  8  nse  simplices  incolores 
ellipsoidese  vel  oblongo-ellipsoidese,  '009  -  -013  x  '006  -  -086  mmu  ; 
paraphyses  pellucidse  satis  bene  distinctse  apicibus  incoloribus; 
hypothecium  fuscum.  Iodo  gel.  hym.  leviter  vel  obsolete  ccerolescens 
dein  fiilvescens.     Corticola. 

Lecidea  diploella,  sp.  nov. 

Thallus  obscure  cinereus,  tenuis  fere  continuus  vel  (sub  lente 
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visas)  passim  minute  rimoloso-areolatus;  apothecia  sessilia  mediociia 
fosca  plana  margine  acuto  ssepius  undulato  (extus  thallo  nonnihil 
obtecto),  intns  pallida  vel  pallido-cinerascentia ;  sporse  8  nse  incolores 
simplices  ellipsoidesa  vel  fusiformi-ellipsoidesB,  -008  -  *01  x  *0025  - 
-0035  mm.;  paraphyses  crassioscake  satis  bene  distinct®  apicibns 
concoloribus  non  clavatis;  hypothecium  fuscum.  lodo  gel.  hym. 
leviter  coerulescens  deinde  flavido-virescens.     Corticola. 

Leddea  rossula  (Ach.). 

Lecidea  constrictula,  sp.  nov. 

Thallos  albidus,  e  granulis  planiusculis  appositis  vel  dispersis 
compositos  (K —  C — );  apothecia  nigra  minuta  (latit.  circ.  '2  mm. 
vel  minora)  nonnihil  rugolosa,  convexa  immarginata,  intus  pellucida; 
spone  8  me  fuscsB  1  —  septatse  oblongo-ellipsoidese,  Ol  —  '014  x  '005 
-  -0065  mm. ;  paraphyses  parcse  apicibus  valde  incrassatis  fuscis ; 
hy|>otheciam  incolor.     lodo  gel.  hym.  coerulescens.     Saxicola. 

Graphis  endoxantha  (Nyl. ) ] 

Ko  spores  detected. 

Graphis  dendritica  (Ach.). 

Platygrapha  conspersula,  sp.  nov. 

Thallus  albidus  vel  pallidus  tenuis  nonnihil  rugulosus  (K — 
C — );  apothecia  nigra,  dispersa,  innata,  rotunda  punctiformia 
(latit.  '07 -'12  mm.),  intus  incoloria;  spore  (4  -  8)  nae  incolores 
oblong®  (6  -  9)  -  loculares,  -018- -031  x  -007 -'0085  mm.,  iodo 
coerulescentes  vel  coeruleo-infuscatse ;  paraphyses  distinct®  graciles 
fiUformes  long®  apicibus  incoloribus  non  clavatis;  hjrpothecium 
incolor.     Iodo  gel.  hym.  haud  tincta  nisi  flavescens.     Corticola. 

The  spores  are  truly  locular,  and  have  exactly  the  appearance  of 
those  of  Graphis  scripta, 

Arthonia  Trailii,  sp.  nov. 

Thallus  albidus  tenuis  farinaceus  dispersus;  apothecia  erythrinosa 
(K.  purpurascentia  fere  nigra),  innata  plana  immarginata,  rotundata 
oblonga  vel   nonnihil   irregularia  (longit   '3  - '8   mm.);  spor®  in 
thecis   saccatis,  incolores   oblong®    1  —  septat®,  -01  -  '014  x  -005  - 
.0065  mm.  Iodo  gel.  hym.  leviter  et  obscure  coerulescens.    Corticola. 

The  colour  of  the  apothecia  is  peculiar.  The  nearest  approach  to 
it  is  magenta,  with  a  somewhat  redder  tinge  than  usual ;  while 
internally  the  apothecia  are  pellucid,  with  the  peculiar  colouring 
matter  scattered  irregularly  throughout. 

Mycoporum  Brazilianum,  sp.  nov. 

Thallus  albidus  vel  pallidus  nitidus  tenuissimus  nigro-limitatus; 
apothecia  nigra  prominula  verrucarioidea  conferta  minutissima 
(latit    -06  -  -09    mm.) ;    spor®    (6  -  8)  n®    incolores    ellipsoide®. 
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5  -  6  -  (interdum  7  -  )  loculares  (mediis  interdiim  semel  divisis), 
iodo  cceruleo-infuscatae,  016  - -021  (raro  -027)  x  006  - -009  mm.; 
paraphjses  non  distinctae  apicibus  incoloribus  non  clavatis.  Iodo 
gel.  hjm.  non  tincta  nisi  flavescens.     Corticola. 

Yerrucaria  mamillana  (Ach.),  cum  prsecedente. 

Verrucaria  intrustda,  sp.  nov. 

Thallus  pallide  cinereo-virescens  rimnloso-areolatus,  hinc  inde 
nonnihil  rugulosus,  bene  evolatus  (crassit.  circiter  *15  mm.); 
apothecia  mediocria,  in  verrucis  thallinis  mastoideis  innata,  peii- 
thecio  dimidiatim  nigro,  fere  obducto,  epitliecio  punctiformi  nigro ; 
sporse  incolores  fusiformes  7-septatsey  interdum  3  -  5-septatse, 
•04  - '055  X '009 -'Oil  mm.,  saepe  haloniat«;  paraphyses  graciles 
filiformes  longse  satis  confertse.  Iodo  gel.  hym.  haud  tincta  nisi 
flavescens.     Saxicola. 

The  perithecium  is  black  near  the  summit,  becoming  tHnner 
outwards  and  fiiscous.  The  lichen  is  allied  to  V.  illinUa  (Nyl.), 
and  forms  a  connecting  link  between  it  and  V,  mastoidea. 

Verrucaria  coryli  (Nyl.). 

Astrothelium  purpurinum  (Nyl.). 

Cryptothecia  subnidulans,  sp.  nov. 

Thallus  albidus  vel  pallidus  vel  passim  pallide  cinereo-glaucescens, 
nonnihil  farinaceus,  molliusculus  saepe  chrysogonidicus,  ambitu 
radiatim  byssino-fibrillosus,  bene  evolutus  (iodo  sordide  coerulescens, 
sed  C — );  apothecia  nulla  (propria  sic  dicta)  visibilia,  solum  apicibus 
thecarum  thallo  obtectis  vel  nudis,  protrudentibus  vel  prominulis 
(C  erythrinosis);  thecse  late  ovatae  monosporae  rarissime  2-sporae 
in  fibrillis  anastomosantibus  inclusse,  sporae  incolores  oblongse 
interdum  curvulse  muralidivisae,  episporio  tenuiusculo,  *05  —  '075 
X  -02  -  '032  mm.,  iodo  flavescentes.  Iodo  gel.  hym.  coerulescens 
vel  (in  speciminibus  africanis)  obsolete  coerulescens  vel  haud 
tincta. 

Ad  cortices  arborum  in  montibus  Nilgherrensibus  (Dr.  Watt)  et 
prope  Victoriam  in  A£rica  tropical!  (Thomson). 

This  lichen  is  allied  to  Arthotiia  cUeurodea  (Nyl.)  and  A.  sub- 
aimillima. 

The  thecae  are  found  pretty  equally  distributed  throughout  the 
thallus,  and  not  congregated  in  groups  so  as  to  constitute  true 
apothecia;  accordingly,  I  have  separated  this  and  several  others 
from  the  genus  Arthonia. 
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. — SporUaneotts  Evolution  and  the  Germ  Theory  of  Hie  Pro- 
pagation of  Low  Forme  of  lAfe^  with  Experim/ents  on  the  Limits 
of  Vital  Resistance  to  Heat.  By  Neil  Carmichael,  M.D., 
CM.,  F.F.P.S.G. 

[Read  before  the  Society,  March  10,  1876.] 


An  infasion  of  an  organic  substance,  or  a  solution  of  salts  of 
ammonia  and  carbonic  acid,  exposed  to  the  air  under  ordinary 
conditions  for  some  days,  is  found,  on  microscopical  examination, 
to  contain  abundant  living  organisms.  What  is  the  origin  of  the 
living  forms  which  make  their  appearance  under  those  circum- 
stances? 

This  is  a  simple  statement  of  the  first  part  of  our  present 
inquiry.  The  concomitant  chemical  and  other  changes  which  take 
place  in  these  infusions  we  at  present  shall  not  refer  to,  nor  shall 
we  treat  the  question  on  any  but  experimental  grounds,  avoiding 
all  h  priori  reasoning  from  the  presumed  nature  of  vital  and  other 
forces. 

Two  answers  are  given  to  the  question  propounded — one  being 
that  the  organisms  have  been  constructed  out  of  non-living  materials 
by  a  re-arrangement  of  their  molecules;  the  other  is  that  they  are 
the  direct  ofiGspring  of  pre-existing  organisms. 

It  has  been  abundantly  established  that  many  organic  infusions 
such  as  readily  develop  organisms  on  free  exposure  to  the  atmos- 
phere, may  remain  barren  if  boiled  and  kept  from  free  access  of  air. 
At  the  present  moment  we  are  not  contending  that  all  infusions  so 
treated  are  barren;  simply  that  it  is  possible  with  many  infusions — 
such  as  urine,  hay  infusion,  weak  turnip  infusion,  or  beef  infusion 
— to  prevent  the  appearing  in  them  of  organisms,  by  various  simple 
methods.  These  infusions,  after  sufficient  boiling,  may  be  kept  in 
hermetically  sealed  vessels,  in  vessels  closed  only  by  a  plug  of 
cotton  wool,  or  other  filtering  material,  in  vessels  whose  necks  are 
bent  down  acutely,  or  in  vessels  perfectly  open,  if  the  surrounding 
air  has  been  at  rest  for  a  sufficient  time  to  allow  its  particles  to 
subside. 

1.  A  strong  infusion  of  turnip  was  prepared  by  digesting  with 
water  at  a  moderate  temperature  for  three  hours.  This  was  filtered 
and  then  boiled  for  two  hours.    Flasks  with  capiUary  nocka  ^^r^ 
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then  heated  in  the  flame  of  a  Bunsen  burner,  so  as  to  purify  them. 
These  were  immediately  inverted  over  the  fluid,  the  points  only 
being  immersed.  On  cooling,  they  were  flUed  to  fully  half  their 
capacity  with  the  infusion.  The  flasks  were  then  boiled  till  steam 
escaped  freely,  when  they  were  treated  as  follows: — Cotton  wool 
was  soaked  in  an  ethereal  solution  of  carbolic  acid,  and  then  heated, 
so  as  to  expel  the  acid  as  well  as  the  ether.  This  was  done  to 
purify  the  cotton,  by  destroying  any  active  or  latent  life  which 
might  be  contained  in  its  meshes.  (1.)  The  necks  of  some  of  the 
flasks  were  wrapped  round  with  some  of  the  cotton;  (2.)  others 
were  hermetically  sealed ;  and,  (3.)  over  the  necks  of  a  third  set,  tost 
tubes,  which  had  been  heated  in  the  flame,  were  inverted. 

In  this  way  some  of  the  fluids  were  kept  from  the  air;  others 
had  admitted  to  them  air  which  had  been  filtered,  and  others  again 
had  admitted  to  them  air  whose  particles  were  kept  from  entering 
by  simple  subsidence  due  to  their  weight. 

These  flasks  were  kept  for  three  weeks  in  a  room,  at  a  tempera- 
ture of  70®  F.  All  remained  clear  and  free  from  any  evidence  of 
life,  although  examined  with  a  -^inch  immersion  lens  of  Hartnach, 
multiplying  900  diameters. 

2.  A  common  wineglass  was  heated  in  the  flame;  into  it  was 
poured  some  of  the  turnip  infusion.  A  watch-glass  similarly  heated 
covered  the  mouth,  and  over  all  a  small  glass  shade  was  placed. 
This  remained  clear,  and  when  examined  on  the  tenth  day  was 
found  free  from  organisms.  These  infusions  all  subsequently  de- 
veloped life  when  exposed  to  the  atmosphere. 

Similar  results  can  be  obtained  by  many  diflerent  methods  of 
protection.  Lister,  Burdon-Sanderson,  and  Tindal  have  adduced 
satisfactory  evidence  on  this  point. 

How  is  it  that  organisms  do  not  appear  in  the  fluids  when  these 
conditions  are  conformed  to?  Is  it  because  the  conditions  have 
destroyed  the  power  of  the  infusion  to  develop  life  ?  That  this  is 
not  so  is  apparent  from  the  fact  that  the  subsequent  exposure  of 
the  fluids  to  unpurified  air  for  a  few  minutes,  or  the  addition  to 
them  of  a  drop  of  water,  is  invariably  followed  by  the  abundant 
development  of  life. 

3.  First,  Into  two  wineglasses,  purified  by  heat,  fresh  urine  was 
introduced,  the  glasses  were  covered  and  protected  as  before .  Second, 
Into  two  ordinary  test  tubes,  heated  in  the  flame,  fresh  urine  was 
introduced;  the  mouths  of  the  tubes  were  covered  with  a  layer  of 
the  purified  cotton.  All  remained  transparent,  although  kept  in  a 
room  at  a  temperature  of  70*"  F. 
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On  the  Bur&oe  of  the  liqaids  and  on  the  bottom  a  deposit  formed. 
In  thoee  covered  with  cotton  the  deposits  were  distinctly  crystalline 
and  sparkling.  After  three  weeks  crjBtals,  chiefly  of  triple  phos- 
phates and  urate  of  soda,  were  found,  but  no  traces  of  any  organisms. 

Similar  results  have  been  obtained  by  Lister  and  Burdon- 
Sanderson  with  milk  received  direct  from  the  udder  of  the  cow, 
with  white  of  egg,  with  blood,  and  with  serum.  These  fluids  have 
not  been  subjected  to  any  conditions  such  as  might  be  asserted  to 
destroy  their  powers  or  tendencies  to  natural  development.  Sub- 
sequent exposure  to  air,  or  contact  with  any  object  exposed  to  air^ 
or  the  addition  of  a  drop  of  water,  is  followed  in  a  few  hours  by  the 
appearance  of  multitudes  of  living  organisms. 

It  must,  from  these  results,  be  inferred  that  the  organisms  which 
appear  in  the  fluid  after  exposure  or  inoculation  are  derived  from 
the  substances  added,  and  have  not  resulted  from  any  spontaneous 
metamorphosis  of  molecules.  In  the  case  of  the  fluids,  the  source 
of  life  cpinnbt  be  the  particles  of  the  fluid,  nor  pure  Altered  air,  but 
something  in  air  capable  of  being  removed  by  filtration  or  sub- 
sidence, evidently  particles  having  distinct  weight.  At  this  point 
no  more  is  contended  for  than  that  pure  infusions  and  uncon- 
taminated  animal  secretions  may  be  kept  from  developing  life 
by  being  kept  free  from  the  particles  in  the  atmosphere;  and,  con- 
versely, that  certain  atmospheric  particles,  when  they  gain  access  to 
such  fluids,  are  invariably  followed  by  the  development  of  such 
organisms. 

But  what  are  those  particles  in  the  air,  on  solid  substances,  and 
in  water,  which  lead  to  the  appearing  of  those  organisms  f  The 
dust  deposited  from  air  is  rather  a  heterogeneous  mixture,  its  con- 
stituents varying  with  the  nature  of  the  surroundings.  It  generaUy 
contains  fibres  of  cotton  and  other  fabrics,  portions  of  feathers,  frag- 
ments of  wood,  soot  particles,  together  with  spores  of  lichens,  fungi, 
and  alg».  The  spores  mentioned  readily  account  for  the  presence 
of  the  fungus  in  exposed  infusions,  but  they  do  not  account  for  the 
presence  of  the  minute  vibriones  and  bacteria  which  appear.  We 
must  look  for  something  more  minute. 

A  drop  of  ordinary  drinking  water,  such  as  readily  deter- 
mines the  appearing  of  bacteria  in  a  previously  pure  fluid,  exhibits 
nothing  on  the  most  careful  microscopical  examination  to  account 
for  the  life  developed ;  yet,  that  there  are  such  bacteria-producing 
particles  we  have  already  proved.  It  is  doubtless  those  same  ultra- 
microscopical  particles  which,  being  diffused  through  the  air,  cause 
the  growth  of  visible  organisms.      If  we  inoculate  a  pure  fluid 


168  PfUlosophiedl  Society  of  Glasgow. 

with  a  drop  of  water,  and  observe  with  a  high  power  of  the  micro- 
scope the  first  appearance  of  life,  we  find  that  these  appear  as 
minute  points,  from  the  20,000th  to  100,000th  of  an  inch  in  diameter, 
according  to  the  power  employed.  The  result  of  using  higher 
powers  has  simply  been  to  render  yisible  small  organisms  which 
before  had  escaped  observation.  But  what  of  the  organisms  before 
they  have  attained  a  size  siifficient  to  render  them  visible  to  us  f 
They  are  derived  from  either  smaller  germs  or  aggregates  of  mole- 
cules;  and  in  a  fluid  in  which  active  development  of  vibriones  and 
bacteria  is  progressing,  such  minute  ultra-microscopic  particles  must 
be  exceedingly  abundant.  If  such  a  fluid  evaporate,  these  minute 
particles  must  be  readily  carried  through  the  air  by  every  current, 
and  render  such  air  capable  of  leading  to  the  development  of  the 
forms  which  they  represent.  If  these  fall  with  water  in  which 
they  have  not  suitable  opportunity  of  development,  they  may 
continue  in  a  latent  condition  until  suitable  conditions  determine 
their  growth  and  multiplication.  That  the  particles  in  air  and 
water  which  lead  to  the  appearing  of  organisms  are  germs,  is 
rendered  still  more  probable  by  the  fi3,ct  that  inoculating  suitable 
fluids  with  them  is  invariably  followed  by  the  presence  of  the 
same  forms  which  then  rapidly  multiply.  The  uniformity  of  the 
result  makes  us  believe  that  the  cause  is  specific. 

It  is  asserted  by  some  that  the  particles  in  air  and  water  which 
lead  to  ^the  origin  of  life  in  exposed  infusions  are  dead  organic 
particles,  which  act  as  chemical  ferments.  But  unless  these  particles 
have  special  structural  relations  to  definite  forms,  how  comes  it  that 
they  produce  definite  organisms  which  we  see  every  day  produced 
by  ordinary  modes  of  generation.  Fresh  urine  protected  from 
germs  contains  epethelial  cells  and  mucous  corpuscles;  yet  these 
do  not  determine  the  appearing  of  life.  Those  particles  in  air  and 
water  which  produce  vibriones  and  bacteria  must  be  specifically 
related  to  them,  structurally  connected  with  them, — must  indeed  be 
their  germs.  They  are  probably  so  minute  as  to  be  beyond  our 
present  powers  of  the  microscope  to  reveal,  yet  tl^ey  have  sufiicient 
weight  to  cause  them  to  subside  in  air  which  is  at  rest. 

What  we  have  now  advanced  does  not  decide  the  question  of 
spontaneous  evolution.  Although  the  bacteria,  vibriones,  infusoria, 
and  fungi,  which  appear  in  infusions  exposed  to  the  air,  are  proved 
to  be  derived  from  germs,  it  by  no  means  follows  as  a  necessary 
conclusion  that  these  organisms,  under  different  circumstances,  may 
not  originate  in  other  ways.  The  question  now  to  be  considered  is. 
Can  living  forms  be  produced  under  any  circumstances  from  lifeless 
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material  ?  Do  living  forms  arise  in  any  infusions  which  have  been 
subjected  to  such  conditions  as  destroy  all  active  and  germ  life?  It 
is  important  to  notice,  as  already  stated,  that  this  question  has  not 
been  decided  by  anything  we  have  already  advanced.  It  is  quite 
consistent  to  accept  the  germ  theory  of  development  as  regards 
organisms  appearing  in  infusions  exposed  to  air,  and  also  to  believe 
that  under  certain  other  conditions,  perhaps  not  naturally  existing, 
life  may  spring  up  from  lifeless  substances ;  and  even  if  the  reality 
of  spontaneous  evolution  is  established,  it  does  not  in  any  way 
weaken  the  evidence  that  has  been  adduced  in  favour  of  the  fact 
that  germs  in  the  air  and  water  are  the  causes  of  the  development 
of  life  which  takes  place  in  exposed  infusions.  In  this,  as  in  the 
former  part  of  our  subject,  we  must  be  guided  by  legitimate  inferences 
drawn  from  careful  experiments.  The  question  has  been  greatly 
narrowed  of  late  by  the  careful  experiments  of  supporters  and 
opponents  of  biogenesiB.  It  is  not  now,  Can  organic  infusions  be 
maintained  free  from  life?  This,  it  is  now  acknowledged,  can  be 
done.  The  question  is,  Can  infusions  free  from  germs  be  caused  to 
develop  living  organisms  ? 

In  considering  this  matter,  it  is  necessary  in  our  examinations 
to  follow  those  who  assert  that  they  can  under  certain  conditions 
secure  anabiotic  development  of  life.  Many  methods  of  experi- 
ment are  adopted  by  its  supporters  to  prove  the  reality  of  spon- 
taneous evolution.  The  most  noticeable  and  the  most  recent 
are  those  of  Dr.  Bastian — his  method  is  somewhat  as  follows  : 
A  glass  flask  capable  of  containing  f  to  1}^  oz.  of  fluid  is  filled 
to  about  three-fourths  of  its  capacity  with  the  fluid  to  be  em- 
ployed. The  neck  of  the  flask  is  now  drawn  out  to  a  capillary 
tube,  and  the  fluid  boiled  in  the  flask  for  some  minutes.  The 
neck  of  the  flask  is  then  hermetically  sealed,  while  steam  is 
escaping,  so  that  all  air  is  probably  expelled,  and  a  vacuum  is 
produced  over  the  fluid  on  the  flask  cooling.  He  employs  many 
difierent  infusions  in  his  experiments,  but  the  principal  one  to  be 
depended  upon — ^the  one  he  regards  as  infallible — is  a  strong  infusion 
of  turnip.  Of  this  infusion  he  says, ''  In  no  case  has  a  properly 
prepared  infusion  of  turnip  failed  to  yield  an  abundance  of  living 
organisms  in  the  course  of  from  two  to  six  days."  In  very  many 
of  his  experiments,  the  result  has  been  as  just  quoted,  and  many 
other  observers  have  obtained  similar  results.  It  is  not  possible  to 
call  these  statements  of  results  in  question.  Let  it  be  accepted  at 
once  that  a  strong  infusion  of  turnip  boiled  for  a  few  minutes  and 
sealed  as  Bastian  directs,  may  become  opaque  in  a  few  hours  or 
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days,  from  the  abundance  of  life.  The  question  comes  to  be, 
Have  the  conditions  been  such  as  to  destroy  all  germ  and  active 
life?  It  is  generally  acknowledged^  and  we  may  admit  the  Had, 
that  active  bacteria  and  vibriones  are  rendered  motionless  by  a 
temperature  of  140*"  F.  What  then  is  the  explanation  of  Bastian's 
experiments?  Either  that,  first,  all  germs  being  destroyed,  the 
living  organisms  have  originated  from  the  inanimate  particles  of 
the  infusion ;  or,  secondly,  that  undestroyed  germs  have  developed. 

To  decide  which  answer  is  correct,  further  experiments  must  be 
consulted.  And  here  it  is  worthy  of  note,  that  Dr.  Bastiau 
acknowledged  that  "  negative  results  are  obtainable  by  using 
weak  infusions,  more  especially  if  during  their  preparation  they 
have  been  kept  for  a  prolonged  period  at  a  temperature  near  to  that 
of  boiling  water,  instead  of  at  a  heat  which  can  be  supported  by  the 
finger.*'  This  admission  somewhat  narrows  the  question,  which  now 
becomes, — How  is  it  that  while  organisms  develop  in  certain  fluids 
prepared  at  the  slight  heat,  and  maintained  only  for  a  short  period 
at  212°  F.,  do  not  develop  in  similar  fluids  prepared  by  long  boiling  1 
In  explanation  of  their  non-appearance  under  the  latter  conditions, 
Bastian  says,  "The  restrictive  conditions  to  which  the  organic 
matter  in  these  solutions  has  been  exposed  have  been  such  as  to 
prevent  the  occurrence  of  fermentive  changes.''  The  other  possible 
explanation  is,  that  "  the  heat  has  proved  destructive  to  all  living 
things  in  the  solutions  "  subjected  to  prolonged  boiling. 

To  throw  some  light  on  the  question  of  the  limit  of  vital  resist- 
ance to  heat,  the  following  experiments  were  performed : — 

1.  Glass  tubes  about  3  inches  in  length  and  ^  inch  diameter  were 
partly  filled  with  diflerent  fluids  and  sealed,  the  air  not  being 
expelled.  Urine,  hay,  and  turnip  infusions  were  employed.  These 
tubes  were  heated  in  a  paraffin  bath  to  temperatures  of  300°,  400^, 
and  500^*,  for  fifteen  minutes.  They  were  examined  at  periods 
varying  from  two  days  to  three  months,  and  all  continued  per- 
fectly free  frt>m  any  opacity  or  trace  of  life.  Of  course,  all  germs 
were  destroyed  at  these  temperatures,  and  consequently  no  life  was 
subsequently  developed  in  the  tubes.  The  fluid  in  a  number  of  die 
tiibes  was  exposed  to  the  air  after  the  tubes  were  opened,  and  they 
became  putrid,  developing  vibriones  and  bacteria  freely.  Con- 
sequently either  the  power  of  these  fluids  to  develop  life  was 
present  while  they  were  enclosed  and  kept  from  the  access  of 
germs,  or  subsequent  exposure  to  the  air  restored  the  lost  property. 

Another  series  of  experiments  were  performed  as  follows: — 

Test  tubes  with  capillary  necks  were  employed.     These  were 


Db.  Neil  Carmichael  on  SpofUaneous  Evolviian,        171 

capable  of  holding  1^  oz.  of  fluid — aboat  the  size  of  Bastian's  flasks. 
I  preferred  this  form,  however,  as  they  are  much  more  convenient. 
In  all  the  experiments  performed  with  them,  they  were  flrst  heated 
in  the  flame  of  a  Bunsen  burner,  so  as  certainly  to  destroy  all  life 
contained  in  or  adhering  to  them ;  they  were  then  inverted  over 
the  fluid  to  be  operated  on,  the  point  only  of  the  tube  being  sub- 
merged. On  cooling,  sufficient  of  the  fluid  entered  the  tube  to  fill 
it  to  half  its  capacity.  The  tube  was  then  at  once  inverted  and 
placed  over  a  Bunsen  burner  till  the  fluid  boiled  and  steam  escaped 
freely.  The  neck  was  then  hermetically  sealed  in  a  spirit  lamp 
flame.  Most  of  the  tubes  were  subsequently  kept  in  a  water  bath 
at  a  temperature  of  from  90°  to  100°  F.,  for  varying  periods. 

2.  The  first  experiment  of  this  series  consisted  in  charging  six 
tubes  with  a  filtered  infusion  of  turnip,  prepared  not  as  Bastian 
directs,  but  by  boiling  for  four  hours  before  charging  the  tubes. 
The  tubes  were  closed  as  usual,  and  remained  for  eleven  days  in  a 
water  bath  at  a  temperature  of  95°  F.  On  examination,  the  con- 
tents were  found  perfectly  clear  and  free  from  scum  or  deposit,  and 
under  the  microscope  exhibited  no  forms  of  life. 

3.  Into  three  tubes  similarly  charged  there  were  introduced 
before  sealing  about  30  mm.  of  a  turnip  infusion  which  had  been 
exposed  to  air  till  it  putrefied  and  abounded  with  very  active 
bacteria,  vibriones,  and  monads ;  and  into  other  three  tubes  were 
introduced  turnip  infusion,  containing  mycellial  filaments,  sporangia, 
and  free  spores  of  mould  {miicor  mucedo),  with  vibriones,  bacteria, 
and  monads,  less  active  than  in  the  former  fluid.  The  tubes  were 
then  sealed.  One  tube  of  each  of  these  two  sets  was  immersed  in 
boiling  water  for  five  minutes,  other  two  for  twenty  minutes,  and 
the  remaining  two  for  sixty  minutes.  They  were  then  all  placed  in 
a  water  bath  at  90°.  Of  the  two  subjected  to  212®  for  five  minutes, 
one  was  found  opaque  in  eighteen  hours ;  the  other  remained  clear 
till  the  fourth  day,  when  it  became  hazy.  Both  were  opened  on  the 
eighth  day,  when  the  opaque  fluid  was  found  teeming  with  very 
active  vibriones  and  bacteria.  The  hazy  fluid  contained  numerous 
vibriones  and  bacteria,  moving  much  less  actively.  Here  it  is 
evident  that  the  life  which  appeared  resulted  from  the  inoculation, 
because  the  conditions  were  otherwise  identical  with  those  of  the 
fluid  which  in  the  previous  experiment  had  remained  barren.  A 
temperature  of  212^  F.,  maintained  for  five  minutes,  was  therefore 
not  sufficient  to  destroy  the  germs  of  the  inoculating  putrid  turnip 
flxiid.  Those  tubes  maintained  at  212°  for  twenty  minutes  and 
sixty  minutes  were  kept  in  'the  water  at  about  90®  for  eight  days- 
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Thej  remained  dear,  and  on  microsoopical  exammatian  skewed  enlj 
a  very  f«w  motionless  vibriones,  probably  those  introduced  in  tbe 
inoculating  fluid.  So  that  this  temperature  destroyed  the  power 
of  the  £uid  or  of  the  germs  to  develop  life.  The  four  tubes  whidi 
had  remained  clear  for  eight  days  were  left  open  to  the  air  for  two 
days^  and  maintained  at  20*  F.  To  one  of  the  four  one  drop  of 
wat^MT  was  added ;  this  one  became  Terr  haxy ;  the  thnee  amply 
e.\po5ioii  to  the  air  also  became  hazy,  though  not  to  the 
All  oiMitjdnt>d  active  ribriones  and  bactena.  The  fluids 
foro  not  incapable  of  develojong  such  life  &om  germs  siqiplied  in 
air  and  wat«r, 

4.  A  number  of  capiUary  tubes  were  charged  with  turnip  infu- 
sions containing  ribnones  and  bacreiia  in  abundance.  Frre  dijSerent 
fluids  weix^e  employed.  Xo.  1  oonxainc^  T-ibnones  and  bacteria  in 
tx^loraKly  active  movement ;  2Co.  2,  to  which  a  Bccie  lag  Potass, 
had  been  added.  <vmtained  very  active  bacceria  and  xifariones; 
Xo.  !%  was  an  infosdon  whic^  had  heen  exposed  to  air  for  two 
hours,  but  whic^  under  the  microscope  erhibxu^  no  li£e ;  Xo.  4 
had  added  re  h  nome  dust  and  fungus  igKireE^ ;  ^Ci.  5  oantaoied, 
>«i«idos  bacr^oria  and  vibnones  in  somewhax  lauruio  motian.  acovdr 
ISTom'in^  tMsinn^  wmniiiK  with  sporangia  and  £^ee  i^Hires.  Abonx  309 
oapiilary  mbes  were  chax|!ed  with  xbene  fluids  and  scaled  in  ike 
flamr  InT/^  xhirrx  las^rer  Tu>«es  £vf-  of  the  difiierenLhr  cbaisBd  xubea 
^♦or*^  pla*-^  ,  Th<«r  were  cioiM  onV  with  a  iixzjt-  coRXon  xo  jiiyt'emi 
the  T.»bes  ifJiin^  oul  Titry  w*en-  matfimnifd  wa  xhe  iolkiwii^ 
lYQiintiTiHTuTt^  IT.  a  na:idhx;  haxx: — Ctof-  «v«  a^  i!2r  far  xkme  miimw  ; 
a^iotlin:  <*5  4.%^«^'  5<c  Twr  muiiu^^  :  nht  'Uiirc  ««»  mi  i4l^  ibr  two 
«iisn)i:os  .  tin  iV^ru*.  «;  £v%i^  for  rwr>  minm«»  :  xbf^  fl&L  mt  2dQ? 
fA*  xwr  witiu9;<^  .  an<i  xht  n^xu^  at  IVW"  tor  Twc  Tmnnwtfc 

i*^.  nthr  i{f^:e««iitl;  d«^>  xhf  Miovaittf^  a:  cue  cacniliarr  xnhe  of  cock 
ttk^  ^KMtrr  rtvamoi^^.  anii:  :sti^  Ufr  ww^  d<9Mttec  il  any  of  »«&. 

^   ^;\*r  >4^  l4)t«K^  wt9T  «-%h«^pe^  iriii.  tamii  jniOBiiSL  winidi  lad 
b4Hk»\  boile<  ifW:  ^\u:  houiv.     !!\if  fluul  wms  hoiiML  ir  ^me  xohe 
^%W^«^.  ai^  %*hiir  ?M:iiMir,  w«i(:  i^ocaiunj:  iuk  oT  iik  wmrThrHr 

«)«vN^,  OfT  ^mi«vt  4Ciilir  «amllN?^  ^^""^  kmi&R:  l>idmt  JntniaMBn^iL. 

•iV  t^^  #«)Ni|:  %^ls^r  <*rt*r.  amleC  «s 

tWn   {r?eK^Vl»^  ^«H«I:  >Mi.  $>    fix:    ^ 
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Of  the  four  which  remained  clear  one  was  inoculated  with  a  drop 
of  water,  and  the  other  three  were  left  exposed  to  the  air.  In  two 
days  they  were  all  hazj,  and  contained  active  organisms ;  that 
inoculated  with  the  water  being  more  hazy  and  containing  more 
abundant  life. 

Similar  experiments  were  performed  with  the  fluids  raised  to  230**, 
240%  250%  280',  and  300*»;  but  in  not  one  of  them,  although  kept 
for  fifteen  days,  did  any  opacity  appear  or  any  form  of  life  develop. 
On  subsequent  exposure  to  air,  life  developed  in  every  tube. 

What  are  we  to  infer  from  those  eiq)eriments  ?  How  comes  it 
that  the  fluids  heated  to  230°  and  upwards  developed  no  organisms? 
Either  the  organisms  and  their  germs  were  destroyed,  or  the  fluids 
had  their  power  of  developing  life  destroyed.  The  latter  is  not  the 
case,  for  such  fluids,  as  already  stated,  developed  life  afterwards  in 
abundance.  We  have  already  seen  that  in  fluids  containing  germs 
heated  at  212<>  for  five  minutes — especially  if  such  fluids  are  slightly 
alkaline — germ  life  is  not  necessarily  destroyed.  We  now  see  that 
fluids  raised  to  220°  for  two  minutes,  and  then  maintained  for  a  few 
seconds  at  212%  have  in  general  their  germs  destroyed,  but  that 
alkaline  solutions  under  such  conditions  may  still  retain  germ 
life ;  and  that  all  the  fluids  raised  above  220%  or  maintained  at 
212®  for  over  twenty  minutes,  have  their  germs  destroyed.  But 
how  do  we  account  for  the  fact  that  the  capillary  tubes  containing 
the  solution  No.  2  (the  alkaline  infusion),  which  had  been  heated 
to  220o,  shewed  no  life  when  examined  microscopically,  while  the 
fluid  inoculated  with  it  developed  life)  The  conditions  for  develop- 
ment were  not  so  good  in  the  capillary  tubes  as  in  the  large  test 
tubes,  and  besides,  the  latter  were  maintained  at  an  elevated  tem- 
perature such  as  encourages  development.  The  condition,  then, 
in  which  life  existed  in  the  capillary  tubes  was  probably  that  of 
inactive  germs,  not  growing,  but  ready  for  growth  on  suitable 
opportunity. 

6.  Charged  a  12-ounce  flask  having  a  capillary  neck  with 
turnip  infusion  which  had  been  boiled  for  two  hours.  Boiled 
this  in  the  flask,  and  while  steam  was  escaping  inserted 
two  capillary  tubes  containing  turnip  infusion,  already  in  active 
life.  The  tubes  were  inserted  whole,  and  the  flask  immediately 
sealed.  It  was  then  kept  at  about  80^  F.  for  seven  days. 
The  fluid  remained  perfectly  clear,  having  no  deposit  or  scum.  The 
flask  was  then,  without  being  opened,  severely  shaken,  so  as  to 
break  the  capillary  tubes  contained.  In  twelve  hours  the  fluid  was 
hazy,  and  in  twenty-four  hours  quite  cloudy.      On  examination 
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active  vibriones  and  bacteria  were  found.  This  tlu*ows  light  on 
one  important  point : — The  fluid  in  the  flask  did  not  develop  life 
during  the  first  seven  days,  either  because  all  its  germs  were  de- 
stroyed by  the  prolonged  boiling,  or  because  its  molecular  arrange- 
ment had  been  so  disordered  that  it  could  not  develop  organisms. 
That  the  latter  is  not  the  explanation  is  evident  from  the  effect 
produced  by  breaking  the  capillary  tubes  within  the  flask. 

The  fluids  in  the  tubes  before  experimented  with  might  be  sup- 
posed to  have  their  molecular  arrangement  in  some  way  restored 
by  their  subsequent  exposure  to  air,  which  determined  the  appear- 
ance of  life  in  them.  In  the  flask  this  possibility  is  removed.  The 
fluid  which  has  not  developed  life  after  its  germs  were  destroyed  is 
found  capable  of  developing  germs  added  to  it  from  the  capillary 
tubes,  which,  of  course,  were  subjected  to  a  temperature  of  212°  for 
a  few  minutes  when  introduced  to  the  flask.  The  capillary  tubes 
consequently  contained  no  active  life,  yet  they  were  able  to  deter- 
mine the  appearing  of  active  life  in  the  fluid  of  the  flask. 

We  can  only  come  to  the  conclusion  from  this,  that  fluids  which, 
after  being  raised  to  a  high  temperature,  do  not  develop  life,  remain 
barren  because  their  germs  have  been  destroyed,  not  because  the 
molecular  condition  of  the  fluid  has  been  rendered  incapable  of  its 
usual  deportment. 

To  test  this  point  more  satis&ctorily,  a  number  of  capillary  tubes 
were  drawn  out  in  two  or  three  places  as  fine  as  possible,  leaving 
the  tubes  patent.  These  were  charged  with  water  and  with  putrid 
turnip  infusion.  With  those  containing  water  the  following  results 
were  obtained: — 

7.  Twelve  test  tubes  with  capillary  necks  were  heated  and 
charged  with  the  ordinary  boiled  infusion.  Into  each  was  intro- 
duced a  charged  capillary  tube,  unbroken.  The  test  tubes  were 
then  sealed  and  kept  in  a  water  bath  at  95°  F.  On  the  fifth  day 
all  were  perfectly  clear,  and  (1)  two  examined  microscopically  were 
found  perfectly  free  from  life.  (2.)  Six  of  the  tubes  were  now 
shaken,  so  as  to  break  the  capillary  tube  contained,  and  thus 
inoculate  the  infusion.  These  remained  in  the  water  bath  perfectly 
clear,  and  on  microscopical  examination  were  found  free  from  life. 
The  temperature  of  212®  maintained  for  the  short  period  during 
which  the  tube  was  sealed  was  evidently  sufficient  to  destroy  the 
germs  contained  in  water.  These  tubes  on  being  exposed  to  air 
became  hazy,  and  were  found  to  contain  bacteria  and  yeast  ceUs. 
To  one  of  these  exposed  tubes,  two  minims  of  unboiled  water  were 
added,  and  it  became  cloudy  and  thickly  thronged  with  bacteria. 
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(3.)  One  test  tabe  with  its  contained  capillary  was  boUed  for  five 
minutes,  (4)  one  was  raised  to  225°  for  two  minutes,  and  (5) 
another  to  250**  for  two  minutes;  these  three  remained  free  from 
any  development  of  life. 

8.  Two  double-necked  test  tubes,  purified  by  heating  as  usual,  were 
charged  with  boiled  infusion.  The  infusion  was  boiled  in  the  tube^ 
and  while  the  steam  was  escaping,  the  capillary  neck  of  a  large 
flask  was  inserted  into  the  wider  neck  of  the  test  tube.  Steam  was 
Lssiiing  freely  from  the  large  flask,  entering  the  larger  neck  of  the 
test  tube,  and  escaping  by  the  smaller.  The  body  of  the  test  tube 
was  now  cooled  by  surrounding  it  with  cold  water.  After  it  had 
cooled  considerably,  a  capillary  tube  containing  water  was  intro- 
duced through  the  upright  neck  (through  which  the  steam  was 
escaping),  and  this  neck  sealed  hermetically.  The  neck  of  the  flask 
through  which  the  steam  was  issuing  was  withdrawn  a  little  frx>m 
the  tube,  and  the  second  neck  also  hermetically  sealed.  In  this 
way  a  partial  vacuum  was  secured  over  the  fluid  as  usual;  no  air 
was  admitted,  and  the  water  in  the  capillary  tube  was  not  subjected 
to  any  elevation  of  temperature.  This  remained  at  95®  for  six  days 
perfectly  clear.  It  was  then  shaken,  so  as  to  break  the  capillary 
tube  and  inoculate  the  fluid.  In  forty-eight  hours  it  became  hazy, 
and  in  six  days  it  was  quite  cloudy.  Both  of  them  on  examination 
were  found  to  contain  abundant  vibriones,  bacteria,  and  monads. 
From  these  experiments  we  see  that  the  addition  of  a  little  un- 
boiled water  to  the  infusion  which  had  not  developed  life  was  suffi- 
cient to  determine  the  immediate  appearing  of  life,  while  the  boiled 
water,  as  we  saw,  did  not  produce  any  such  effect.  No  other  con- 
ditions were  different,  and  the  breaking  of  the  capillary  tube  could 
have  no  other  effect  than  that  of  inoculating  the  infusion  with  its 
contents. 

If  these  infusions  did  not  develop  life  before  inoculation,  was 
it  because  the  molecular  condition  was  disarranged]  Could  the 
addition  of  a  little  unboiled  water  restore  that  lost  molecular  condi- 
tion? And  did  the  boiling  of  the  water  in  the  capillary  tube  so 
destroy  the  molecular  condition  of.  the  water,  that  it  could  no 
longer  exert  its  influence  on  the  infusions?  Or  lastly,  were  not 
the  germs  destroyed  in  the  one  case,  and  not  in  the  other  ? 

9.  Into  a  number  of  similarly  charged  test  tubes  were  intro- 
duced capillary  tubes  containing  putrid  turnip  infusion  abounding  in 
bacteria.  Two  such  were  boiled  for  five  minutes ;  two  were  raised 
to  225®  F.,  and  two  to  250^  F.  All  remained  clear  for  six  days, 
when  the  capillary  tubes  were  broken  by  shaking.     Those  boiled 
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for  five  minutes  and  those  raised  to  225*"  became  slightly  hazy  in 
five  days,  and  contained  active  bacteria ;  those  raised  to  250^  re- 
mained clear.  In  this  case  we  see  that  the  germs  retained  their 
power  of  growth  and  reproduction  after  having  been  subjected  to  a 
temperature  of  225°  for  two  minutes,  while  the  germs  contained  in 
the  water  did  not  survive  212**.  This  is  quite  in  accordance  with  the 
bearing  of  other  facts  known  as  to  the  destruction  of  life  in  dif- 
ferent infusions.  Whether  this  is  due  to  the  life  being  more  active 
because  better  nourished,  or  because  the  life  is  more  abundant  in 
the  one  fluid  than  in  the  other,  is  uncertain.  In  infusions  contain- 
ing  solid  particles,  as  pieces  of  cheese,  it  has  been  shewn  by  Dr. 
Lankester  that  life  requires  higher  temperatures  for  its  destruction 
than  in  a  similar  fluid  filtered.  But  above  225**  F.  in  the  experi- 
ments we  are  considering,  no  life  persisted,  and  none  appeared 
spontaneously.  The  introduction  of  germs  to  the  fluids  in  water 
or  turnip  infusion,  under  conditions  such  as  did  not  alter  the  mole- 
cular condition  of  the  fluid,  was  followed  by  abundance  of  life. 

What  now  are  we  to  say  of  the  experiments  of  Dr.  Bastian,  in 
which  organisms  appeared  abundantly  in  infusions  prepared  accord- 
ing to  his  directions,  and  boiled  for  a  few  minutes  only  1  Do  they 
prove  abiogenesis  ?  It  is' necessary  to  remember  that  according  to 
his  directions  the  infusions  are  to  be  prepared  by  maintaining  at  a 
temperature  of  about  100%  that  is,  at  the  temperature  best  suited  for 
the  development  of  the  organisms.  Under  these  circumstances,  we 
should  expect  that  the  organisms  well  nourished,  and  probably 
already  multiplying,  could  withstand  the  temperature  of  212*  for  a 
few  minutes.  This  we  should  expect,  and  theii'  development  in 
flasks  maintained  at  suitable  temperatures  is  simply  what  we  would 
look  for  after  the  experiments  we  have  quoted.  The  appearing  of 
organisms  in  this  case  is  simply  the  result  of  the  development  of 
cultivated,  undestroyed  germs,  and  their  non-appearance  in  the 
fluids  raised  to  higher  temperatures  is  due  not  to  any  destroyed 
molecular  condition  of  the  fluid,  but  to  the  absence  of  living  germs. 

So  far,  then,  as  these  experiments  of  Bastian  go  (and  they  arc 
put  forward  as  test  experiments),  we  must  conclude  that  spon- 
taneous evolution  is  not  proved,  and  that  the  old  maxim  still 
holds — Omne  vivum  ex  vivo. 


Mr.  Thomas  Muir's  Note  on  Trisecting 
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On  a  MetJiod  of  Trisecting  an  Angle, 

In  a  postscript  to  his  paper,  with  the  above  heading,  at  p.  260  of  vol. 
ix.  of  the  Society's  Proceedings y  Mr.  James  N.  Miller  mentions  the 
fact  that  the  solution  he  there  gives  was  known  to  me  before  he  had 
discovered  it.  I  had  not  published  anything  on  the  matter,  because 
I  felt  almost  certain  that,  in  earlier  times,  when  trisecting  an  angle 
and  squaring  the  circle  were  more  of  a  mania  than  they  are  now, 
some  of  the  numerous  mathematicians  and  quasi-mathematicians 
engaged  in  these  researches  must  have  come  across  the  same 
solution,  or  a  solution  essentially  identical  with  it.  This  ex- 
pectation has  to-day  been  realised.  In  Pauchefi^s  Geometries  p.  293, 
published  at  Konigsberg  in  1823,  I  have  found  exactly  the  same 
method  given,  with  the  same  clearness  and  explicitness  which  mark 
Mr.  Miller's  paper. 

THOMAS  MUIR. 

High  School  of  Glasgow, 
5th  May,  1876. 
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PATENTS  FOR  INVENTIONS  BILL,  1876. 


The  Committee,  appointed  on  the  29tli  March,  at  a  Special 
Meeting  of  the  Philosophical  Society  of  Glasgow,  which  was  held 
for  the  purpose  of  considering  the  "  Patents  for  Inventions  Bill, 
1876,"  Sir  William  Thomson  presiding,  resolved  that  the  following 
petition,  and  amendments  with  reasons,  be  adopted : — 

*'Unto  Hie  Honourable  the  Commons  of  the  United  Kingdom  of 
''Great  Britain  and  Ireland  in  Parliament  assembled. 
"The  Humble  Petition  of  the  Philosophical   Society 
of  Glasgow, 

"  SJteweth,  That  the  Philosophical  Society  of  Glasgow,  consisting 
of  upwards  of  GOO  Members,  being  persons  engaged  in  the  Arts, 
Manufactures,  Trade  and  Commerce  of  the  City,  having  at  a  Special 
Meeting  considered  the  Bill  now  before  your  Honourable  House, 
intituled,  '  An  Act  for  Consolidating,  with  Amendments,  the  Acts 
relating  to  Letters  Patent  for  Inventions,  1876,'  came  to  the 
conclusion  that  it  is  a  considerable  improvement  on  the  Bill  of 
1875,  but  that,  if  passed  into  Law  in  its  present  state,  it  will  not 
meet  the  wants  of  the  Nation.  And  that,  if  the  following  Amend- 
ments are  adopted,  the  Bill  will  go  far  to  remedy  the  present 
unsatisfactory  state  of  the  Law  on  the  subject. 

Amendments.  Beasons. 

That  in  Clause  6  the  second  The  number  of  Examiners  and 
paragraph  should  be  left  out.  Assistant  Examiners  should  be 

adequate  to  discharge  the  impor- 
tant duties  with  which  they  are 
to  be  entrusted. 
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Akevdments. 

Tiiat  in  Clause  6  the  words 
legal  or"  should  be  left  out, 
and  between  the  words  ''  scien- 
tific "  and  ^  knowledge "  the 
words  "and  technicar*  be  sub- 
stituted. 


Reabojub. 

Any  legal  questions  will  be 
better  dealt  with  by  the  law 
officer  and  Lord  Chancellor.  The 
Examiners  haying  to  understand 
descriptions  of  machinery  and 
chemical  and  manufacturing  pro- 
cesses should  have  scientific  and 
technical  knowledge. 


That  in  Clause  7,  paragraph  1, 
between  the  words  "  a "  and 
**  specification  "  the  word  **  pro- 
Tisionar'  should  be  inserted,  and 
that  there  should  be  added  after 
the  word  "  Invention"  the  words 
"which  at  the  option  of  the 
Applicant  shall  be  referred  to 
an  Examiner  for  his  report  as 
to  the  novelty  of  the  Invention." 


The  present  system  of  obtain- 
ing provisional  protection  upon 
filing  a  provisional  Specification 
has  been  found  to  work  well.  It 
gives  the  Inventor  the  oppor- 
tunity of  openly  testing  and 
maturing  his  Invention  before 
committing  himself  to  the  ex- 
pense and  precise  details  of  a 
complete  Specification  and  draw- 
ing. The  report  on  the  pro- 
visional Specification  would  iu 
many  cases  save  the  Inventor 
the  expense  of  further  proceeding 
either  with  his  experiments  or  his 
application. 


That  in  Clause  7  the  third 
paragraph,  beginning  with  the 
word  "  any "  and  ending  with 
the  word  "  opponent,"  should  be 
left  out. 


There  need  be  no  opposition 
to  the  granting  of  provisional 
protection,  and  the  examination 
as  to  novelty  renders  any  pro- 
vision as  to  opposition  unneces- 
sary except  in  the  case  of  a 
fraudulent  application,  which 
case  is  provided  for  in  the  pro- 
posed amendment  of  Clause  14. 


That  in  Clause  9}  paragraph  1, 
the  words  between  the  words 
"  time  "  and  "  to  an  Examiner  '* 
should  be  left  out,  and  the  words 
^'If  the  Applicant  desires  to 
pioceed  with  his  application  he 
shall  file  a  complete  Specifica- 
tion which  shall  be  referred  "  be 
inserted. 


By  retaining  the  present  sys- 
tem of  provisional  protection 
a  complete  Specification  must 
necessarily  be  subsequently  filed 
if  the  Applicant  desires  to  further 
proceed, the  filing  of  which  should 
be  sufficient  notice  of  his  inten- 
tion. 
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That  in  Clause  10  the  words 
''  and  Applicant "  shonld  be  in- 
serted between  the  words  "  Com- 
missioners "  and  "  his/' 


That  question  {d)  in   Clause 
10  should  be  left  oat. 


That  in  Clause  U,  paragraph 
1,  the  words  between  the  words 
"  shall "  and  "  transmit "  should 
be  left  out. 

That  in  Clause  U  paragraphs 
2  and  3,  the  words  "  may,  if  he 
thinks  fit,  hear  the  Applicant 
and  any  opponent.  The  Law 
Officer  "  should  be  left  out. 

That  paragraph  4  in  Clause 
11  should  be  left  out. 


'  '  That  in  Clause  11  the  words 
"  and  shall  bear  the  Reporter's 
Signature,"  be  added  after  the 
word  "Specification "  at  the  end  of 
the  Clause. 


Eeasoks. 

The  Applicant  being  the  person 
chiefly  interested,  should  be  in- 
formed of  the  result  of  the  exam- 
ination, with  the  view  of  possibly 
saving  him  further  trouble  and 
expense  in  the  pursuit  of  an 
Invention  which  the  Examiner 
may  have  found  to  be  old. 

Question  {d).  It  is  not  possible 
for  any  Examiner  to  know  or 
determine  without  trial  what 
is  actually  a  frivolous  Invention. 
It  is  also  a  very  small  incon- 
venience to  the  public,  if  it  is 
any,  to  allow  an  Inventor  to  pa- 
tent that  which  may  ultimately 
turn  out  to  be  frivolous. 

The  deleted  portion  is  satis- 
factorily provided  for  in  Clause 
12  of  the  BUI. 


Opposition  at  this  stage  is 
unnecessary;  it  is  satisfactorily 
provided  for  in  Clause  14, 


Unless  the  application  be  pro- 
ceeded with,  there  is  no  object 
in  making  public  documents 
which  would  consist  in  a  re- 
publication of  Inventions  already 
accessible  to  the  public.  When 
the  Patent  is  sealed  the  Specifi- 
cation, Relative  Documents,  and 
Reports  should  be  made  public, 
but  not  otherwise.  See  the 
amendments  proposed  on  Clause 
15. 

It  is  important  that  the  reports 
should  bear  the  signature  of  the 
Reporters,  as  a  security  for  the 
sufficiency  of  the  examination. 
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Amxndiients. 

That  at  the  end  of  Clause  14 
the  words  "but  only  on  the 
groiind  of  a  fraudulent  applica- 
tion. The  person  so  petitioning 
may  have  access  to  the  Specifica- 
tion and  Reports  on  satisfying 
the  Lord  Chancellor  that  he  has 
reasonable  grounds  for  opposing 
the  Patent "  should  be  added. 


Heasons. 

As  the  question  of  the  novelty 
of  an  Invention  can  only  be 
settled  in  the  Supreme  Courts 
of  the  country,  opposition  to  the 
sealing  of  a  Patent  on  this  ground 
is  unnecessary  and  objectionable. 


That  at  the  end  of  Clause  15 
the  following  words  should  be 
added,  "if  the  Applicant  does  not 
apply  for  the  seal  within  the 
prescribed  time  his  Specification 
shall  be  returned  to  him. 

"  If  the  Patent  is  sealed,  the 
Commissioners  shall  make  public 
the  Specification  and  relative 
documents  and  reports,  but  not 
otherwise." 


The  publication  of  Specifi- 
cations of  uncompleted  Patents  is 
unnecessary,  and  would  interfere 
seriously  with  the  validity  of 
subsequent  Patents.  If  an  Ap- 
plicant does  not  complete  his 
Patent  because  the  Examiner's 
Report  shews  him  that  his  sup- 
posed invention  is  old,  there  can 
be  no  advantage  in  re -publishing 
an  old  thing;  and  if  an  Appli- 
cant does  not  complete  a  Patent 
because  the  subject  turns  out  to 
be  partly  old,  he  will  probably 
make  a  new  application,  and  in 
that  case  the  publication  is  also 
unnecessary,  and  will  be  con- 
fusing to  future  examiners  and 
others. 


That  in  Clause  16  the  word 
** fourteen"  should  be  left  out, 
and  the  word  *'  twenty-one " 
substituted. 


That  in  Clause  18  the  words 
"  third  "  and  "  seventh  "  in 
second  Hue  of  the  Clause  shoiild 
be  left  out,  and  the  words 
**  seventh  "  and  "  fourteenth  "  re- 
spectively substituted. 


This  extension  of  time  would 
encourage  the  development  of 
those  Inventions  which  involve 
great  expenditure  of  time  and 
capital ;  14  years  is  too  short  a 
time  for  the  introduction  or  the 
development  of  many  important 
Inventions.  To  make  Patents 
for  Inventions  valuable  to  the 
nation,  the  term  of  their  duration 
must  be  greatly  extended. 
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Ajir3ri>ME3rra. 

Tluii  in  irab-flectioin  1  of  CUmae 
18,  tike  words  ''third"  and 
^mfTeath"  should  be  left  owl. 
Mid  the  words  ''serenth"  luid 
""  fourteenth  "  sabstitiited. 

That  in  ClanAe  26  the  word 
"  two "  in  second  line  of  the 
^^/laase  should  be  left  oat,  and 
the  word  ''seven"  sabstitated. 


Thai  in  the  Second  Schedule, 
ACamp  Duties  I.  Payable  bj  Ajy- 
plicant  and  Patentee  should  not 
exceed  the  half  of  those  therein 
set  forth* 


That  the  words  *'  three  "  and 
^*  seven  "  in  lines  b  and  e  should 
be  struck  out,  and  the  words 
seven"  and   "fourteen"  sub- 


tt 


Htituted  respectively. 


It  is  in  many  cases  impoasibie 
to  get  a  Patent  worked  within 
two  years,  and  the  eSett  of  this 
clause  would  be,  in  cases  where 
the  Inventor  could  not  work  it 
himself^  to  encourage  ]nanu£u>- 
turers  to  make  the  Patent  void, 
by  dedining  to  work  it  for  the 
two  years,  in  order  to  get  it  firee 
of  royalty  at  the  end  of  that 
period. 

The  Stamp  Dutiea  are  very 
unnecessarily  high,  so  mudi  ao 
as  to  appear  as  if  the  very  ofc^eot 
of  their  imposition  was  for  the 
purpose  of  discouraging  the  intro- 
duction of  useful  Inventions. 


tt 


Your  Petitioners,  therefore,  humbly  pray  your  Honourable 
House  that  these  Amendments  be  embodied  in  the 
Bill,  and  your  Petitioners,  as  in  duty  bound,  will  ever 
pray." 

WILLIAM  THOMSON,  LL.D.,  F.RS.,  President, 
Pro/tsdor  qf  Natural  Philosophy  in  the  UniversUy  of  Glasgow,  and 
Fellow  o/8t.  Peter's  College^  Cambridge, 

WILLIAM  KEDDIE,  F.R.S.E., 

Secretary, 


MINUTES   OF   SESSION. 


November  3,   1875. 

The  Philosophical  Society  of  Glasgow  met  this  eyening  in  the  West 
Hall  of  the  Corporation  Buildings,  Professor  Sir  William  Thomson, 
LL.D.,  D.C.L.,  the  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  having  been 
proposed  at  the  closing  meeting  of  last  Session,  viz.: — 

Mr.  Taylor  Shipley  Hunter,  Stobcross  New  Dock  Works ;  Mr. 
Kobert  Young,  486  St.  Vincent  Street;  Mr.  Andrew  Crawford, 
Plumber,  339  Dumbarton  Boad;  Mr.  James  Stewart,  Sanitary 
Engineer,  4  South  Portland  Street;  Mr.  William  Jacks,  Messrs. 
Kobinows  &  Marjoribanks. 

Professor  Sir  William  Thomson,  LL.D.,  gave  an  "Account  of 
Laplace's  and  Airy's  Dynamical  Theories  of  the  Tides." 

Mr.  William  Kamsay  and  Mr.  Nathaniel  Dunlop  were  appointed 
Auditors  of  the  Treasurer's  Accounts. 


November  17,  1875. 

The  Seventy-fourth  Annual  General  Meeting  of  the  Philosophical 
Society  of  Glasgow,  for  the  Election  of  Office-bearers  and  other 
business,  was  held  this  evening  in  the  West  Hall  of  the  Upper 
Corporation  Galleries, — Dr.  Andrew  Fergus,  M.RC.S.,Eng.,  Vice- 
President,  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz.: — 

Mr.  T.  G.  Holt,  Merchant,  25  Wellington  Street ;  Mr.  Charles 
Wilson,  ManufJELcturer,  7  Hoyal  Bank  Place ;  Mr.  David  Kankine, 
C.E,  157  St.  Vincent  Street ;  Mr.  Franc  Gibb  Dougall,  Clydesdale 
Banking  Company,  167  Canning  Street;  Professor  Edward  J.  Mills, 
D.Sc.,  F.R.S.,  Andersonian  University. 

Mr.  Keddie,  the  Secretary,  read  the  Annual  Beport  by  the  Coun- 
cil on  the  State  of  the  Society,  which  was  approved  of,  and  ordered 
to  be  printed  in  the  Ftoeeedingt : — 
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Report  op  the  Council  on  the  State  op  the  Society. 

1.  State  of  the  Membership. — At  the  beginning  of  Session  1874-76, 
the  number  of  members  on  the  roll  was  591;  52  new  members 
were  admitted  during  the  Session;  and  1  was  reinstated  from  the 
suspension  list,  making  in  all  644; — of  whom  13  have  resigned; 
12  have  left  Glasgow,  their  names  being  placed  on  the  suspense 
list;  12  have  died;  and  7  have  been  struck  off  the  roll  for  non- 
payment ; — leaving  on  the  roll  at  the  commencement  of  the  present 
Session,  600  members. 

2.  Papers. — The  last  Session  was  remarkable  for  the  ample  supply 
of  Papers  brought  before  the  Society,  which  was  very  much  due  to 
the  efforts  of  the  Section  of  Physics  (including  Mechanics  and 
Engineering),  the  institution  of  which  was  announced  in  the  last 
year's  Report  on  the  State  of  the  Society. 

3.  The  Proceedings. — From  the  cause  just  stated,  the  printed  Pro- 
ceedings of  last  Session  extend  considei'ably  beyond  the  average  num- 
ber of  pages,  and  contain  a  great  variety  of  Papers.  Including  the 
Minutes,  list  of  Books  added  to  the  Library,  list  of  Exchanges  of 
piiblications  with  other  Societies,  list  of  Members  of  the  Society, 
and  Index,  the  part  consists  of  222  pages,  which,  added  to  the  152 
pages  of  the  previous  part,  complete  a  volume  of  374  pages,  being 
Volume  IX.  of  the  Society's  Proceedings.  The  papers  named  as 
follows  are  comprised  in  Part  2  : — "On  a  New  Genus  of  Rugose 
Corals  of  the  Mountain  Limestone  of  Scotland,"  by  Mr.  James 
Thomson,  F.G.S.  Address  to  the  Chemical  Section  by  the  Presi- 
dent, Mr.  Edward  C.  C.  Stanford,  F.C.S.  A  Communication  from 
Mr.  Francis  Napier,  through  Mr.  James  R.  Napier,  "On  the 
Apparent  Absence  of  Air  and  Water  from  the  Moon."  "  Experi- 
ments on  Fluid  Jets  and  Induced  Currents,"  by  Mr.  Alexander 
Morton.  "  On  an  Apparatus  for  Testing  the  Lubricating  Powers 
of  various  Liquids,  shewing  some  hitherto  Unrecognised  Facts  at 
variance  with  the  commonly  received  Laws  of  Friction,"  by  Mr. 
R  D.  Napier.  "  On  the  Action  between  the  Loch  Katrine  Water 
supplied  to  Glasgow  and  Various  Metals,"  by  Mr.  James  R.  Napier, 
F.R.S.  "  On  the  Immediate  Results  of  the  Operations  of  the 
Glasgow  Improvement  Trust  at  last  May  teim,  as  regards  the 
Inhabitants  displaced,  with  Remarks  on  the  Question  of  prevent- 
ing the  Recurrence  of  the  Evils  which  the  Trust  seeks  to 
Remedy,"  by  Dr.  Russell,  Medical  Officer  of  Health,  Glasgow. 
This  Paper  was  read  before  the  Sanitary  and  Social  Economy 
Section.     *'Air  and  Water  in  Relation  to  Public  Health,"  by  Dr. 
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William  Wallace,  F.RS.K,  F.C.S.  "Notes  on  Niagara,"  ike,  by 
Mr.  W.  Keddie,  F.RS.K  "On  a  Waste-Preventing  Water-Supply 
Apparatus,''  by  Mr.  Andrew  Crawford.  "A  Method  of  Trisecting 
an  Angle,"  by  Mr.  James  N.  Miller.  Mr.  William  Dron  described 
"  M'Kay's  Machine  for  Boring  Tube-Plates  or  other  Plates  of 
Metal."  "Notes  of  a  Tour  in  Germany,  with  Special  Inquiry 
regarding  the  Provisions  for  Scientific  and  Technical  Education," 
by  Dr.  Bryce,  F.R.S.E.,  &c.  "A  Method  for  the  Interpolation 
and  Summation  of  Numerical  Series,''  by  Mr.  John  Donald. 
"  On  a  Self-acting  Railway  Train  Brake,"  by  Mr.  James  SteeL 
"  On  the  High  Antiquity  of  Iron  and  Steel,"  by  Mr.  St.  John 
Vincent  Day,  C.E.,  F.RS.E.,  &c.  Dr.  William  Wallace  on 
"  The  Ageing  of  Whisky  and  other  Spirits;"  and  on  "  The  Germ 
Theory  of  Putrefaction."  "  On  Fractured  Rivets  from  a  Steam- 
Boiler,"  "  On  a  Method  of  Spinning  Tops,"  and  "  On  the  Conical 
Filter  of  greatest  Capacity  for  a  given  Slant  Height  or  Radius  of 
Filter  Paper,"  by  Mr.  James  R.  Napier,  F.R.S.  "  Note  of  Experi- 
ments with  Giroud's  Rheometer,"  by  Mr.  William  Foulis. 

Amongst  the  unprinted  proceedings  of  the  Session  were,  the 
Opening  Address  by  Professor  Grant,  LL.D.,  "  On  the  Recent 
Progress  of  Astronomical  Science;"  and  a  paper  by  Sir  William 
Thomson,  LL.D.,  the  President,  "  On  the  Mathematical  Theory  of 
the  Rolling  Error  of  the  Compass ;"  and  explanation  of  his  Tide- 
Calculating  Machine  and  Improved  Tide  Gauge.  Also  a  paper 
*'  On  Contagion,"  by  Dr.  Robert  Bell. 

In  the  course  of  the  Session,  the  Society  deputed  a  Committee  of 
its  members  to  open  a  communication  with  the  Magistrates  and 
Town  Council  on  the  subject  of  the  Mitchell  Bequest  to  this  city 
for  establishing  a  Public  Library,  which  instruction  was  duly  carried 
out  by  the  Committee.  The  Society  unanimously  agreed  to  a 
Petition  to  the  Queen,  praying  Her  Majesty  to  direct  the  Com- 
mission on  Railway  Accidents  to  inquire  into  and  report  upon 
Continuous  Brakes.  The  Society  revived  the  Committee  on  Patents 
for  Inventions,  appointed  in  1869,  with  instructions  to  watch  over 
the  Lord  Chancellor's  Bill  on  that  subject,  then  before  Parliament. 
The  Committee  subsequently  prepared  the  form  of  a  Petition  to  the 
House  of  Commons,  stating,  "  That  the  Society  is  satisfied  that 
more  and  greater  benefits  are  conferred  upon  the  country  under 
the  existing  Patent  Laws  than  would  be  the  case  were  the  Bill 
now  before  the  House  of  Commons  to  pass  into  law."  The  Society 
adopted  this  petition.  Both  of  the  Petitions  were  committed  to 
the  charge  of  Mr.  George  Anderson,  M.P. 
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The  Society  appointed  as  Corresponding  Members  the  following 
gentlemen,  who  were  formerly  members,  but  whose  connection  with 
the  Society  had  ceased  on  their  removing  from  the  city,  viz.,  Dr. 
James  Bryce,  Rev.  H.  W.  Crosskey,  Mr.  Robert  Gray,  Dr.  Thomas 
£.  Thcnrpe,  and  Mr.  Alexander  S.  HerscheL 

The  Society  appointed  Mr.  William  Froude,  F.R.S.,  C.E.,  &c., 
Chelston  Cross,  Torquay,  an  Honorary  Member. 

The  Constitution  of  the  Society  was  revised  by  the  Council  in 
the  progress  of  the  Session,  and  the  Rules  as  amended  were  adopted 
by  the  Society  at  the  closing  meeting  of  the  Session.  A  copy  of 
the  Constitution  was  supplied  to  all  the  members  along  with  the 
last  Part  of  the  Proceedings,  and  will  be  put  into  the  hands  of  new 
members  on  their  being  admitted  into  the  Society. 

Mr.  Day  read  the  Annual  Report  by  the  Library  Committee  on 
the  State  of  the  Library,  which  was  approved  of,  and  ordered  to  be 
printed  in  the  Proceedings : — 

Library  Committee's  Report. 

With  respect  to  the  state  of  the  Library,  your  Library  Committee 
have  to  report  the  purchase,  during  the  Session  1874-75,  of  eighty- 
seven  volumes,  thirty  parts  of  works,  and  one  pamphlet,  making 
the  additions  to  the  Library,  in  respect  of  purchase,  one  hundred 
and  eighteen  since  the  date  of  last  Report. 

In  the  same  period  the  Library  has  received  two  hundred  and 
twenty-eight  donations,  consisting  of  iifby-five  volumes,  one  hun- 
dred  and  twenty-eight  parts,  and  five  pamphlets,  besides,  from  Her 
Majesty's  Commissioners  of  Patents  for  Inventions,  forty  volumes  of 
abridgments  of  Patent  Specifications,  and  the  Chronological  and 
Descriptive  Index. 

Forty- four  British  and  foreign  periodicals  are  received  at  the 
Library. 

The  Society  exchanges  publications  with  eighty  different  Societies 
and  individuals  of  eminence  in  science  at  home  and  abroad. 

Altogether,  the  additions  to  the  Library  during  the  Session  have 
been  four  hundred  and  sixty-six,  being  upwards  of  one  hundred 
and  fifty  additions  over  that  of  the  year  1872-73,  which  number 
was  stated  in  the  Library  Committee's  Report  for  that  year  to  have 
been  unprecedented. 

The  binding  of  books  is  regularly  kept  up— one  hundred  and 
ninety  volumes  having  been  bound  and  in  course  of  binding  during 
the  Session. 
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The  main  difficulty  in  the  efficient  management  of  the  Library  is 
the  insufficient  accommodation  for  the  books,  and  your  Library 
Committee  earnestly  hope  that  their  efforts  to  maintain  its  efficiency 
may  be  speedily  aided  by  the  provision  of  increased  room. 

Tour  Library  Committee  are  glad  to  report  the  advantageous 
assistance  they  have  received  from  the  members,  by  the  response  to 
their  recommendation  in  the  last  Report  of  a  more  extensive  use  of 
the  Recommendation  Book,  and  they  trust  that  such  increased  use 
may  continue. — St.  John  V.  Day,  Librarian. 

The  Statement  of  Accounts  for  Session  1874-75,  by  Mr.  Mann,, 
the  Treasurer,  having  been  printed  in  the  Circular  calling  the 
meetings  was  held  as  read,  and  was  approved  o£ 


Abstract  op  Treasurer's  Account. 

Session  1874-76. 

Dr. 
1874.    Nov.  1. 
To  Balances  from  last  Session — 

In  Union  Bank  of  Scotland,     ....  £240    0    0 
In  Treasurer's  hands, 1  15    7 


£241  15    7 


1875.    Oct.  30. 
To  Entry  Money- and  Daes  from  52  New  Members, 

st42B., £109    4    0 

,,  Annnal  Dues  from  3  Original  Members,  at  58.,        0  15    0 

„  Annnal  Dnes  from  569  Members,  at  21a., .        .    597    9    0 


707    8    0 


„  Chemical  Section—l  Associate  for  1871-72,  at  5s.,    £0    5    0 

4  Associates  for  1872-73,    „  10    0 

8  „  1873-74,     „  2    0    0 

30  „  1874-75,    „  7  10    0 

10  15    0 

„  Sanitary  Section~35  Associates  for  1874-75,  at  5s.,        .  8  15    0 

„  Corporation  of  Glasgow,  interest  on  "  Exhibition 

Fnnd," £49  11    8 

,,  Interest  from  Bank, 11    9    6 

: 61     1    2 

„  Catalognes  sold,  17,  at  la.,  .      £0  17    0 

„  ProeeeimgB  sold,       .  .        0  13    7i 

1  10    74 

„  Balance  dne  Treasurer,      ...  ...        149    3    0 

£1180    8    4i 
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Cr. 
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By  Salaries  and  Wages, £187    1    8 

„  New  Books  and  Binding, 177  17  11 

„  Printing  Proceedings^  New  Hales,  Circulars,  &c.,                  .  178    3    6 

„  Postage  and  delivery  of  Circulars,  &c.,         .        .        .  31    5    0( 

>» 

tf 


Stationery, 3  11  6 

lithographing  and  Printing  Plates  for  Proceedings^      .        .  22  11  6 

Bents, 130    0  0 

Insurance,  Gas,  Coal,  Cleaning,  &a, 30  10  6 

Petty  Charges  and  Sundries, 1  10  9 

,,  Subscription  to  Bay  Society,  1875,       .        .        .£110 
,,  „  Palseontographical  Society,  1875,       110 

2    2  0 

„  Chemical  Section — Expenses  per  Treasurer  of  Section,         .  10  10  0 

„  Sanitary  Section — Expenses  per  Secretary  of  Section,  .        .  5    4  0 

Investment  with  Corporation  Water  Commissioners,    .        .  400    0  0 


t» 


£1180    8    4i 

Glasgow,  lOtJi  November,  1876, — We,  the  Auditors  appointed  to  examine  the 
Treasurer's  Accounts,  have  examined  the  same,  of  which  the  above  is  an 
Abstract,  and  found  them  correct,  the  Balances  at  30th  October  last  being. 
Invested  with  Corporation  Water  Commissioners,  Four  hundred  pounds,  and 
due  to  Treasurer  One  hundred  and  forty-nine  pounds  three  shillings,  leaving  a 
net  Fund  of  £250,  17s.  Od. 

(Signed)        WILLIAM  RAMSAY. 

NATHANIEL  DUNLOP. 

A  letter  from  Mr.  St.  John  Vincent  Day  was  read,  intimating 
his  resignation  of  the  office  of  Librarian. 

The  Society  then  proceeded  to  the  Election  of  Office-bearers. 
Rule  VII.  of  the  Revised  Constitution  having  provided  for  the 
appointment  of  a  third  Vice-President — 

It  was  moved  by  Mr.  James  Deas,  and  seconded  by  Mr.  Thomas 
Muir,  High  School,  that  Mr.  James  R.  Napier,  F.R.S.y  be  appointed 
the  third  Vice-President.     The  motion  was  unanimously  agreed  to. 

It  was  moved  by  Dr.  Thomas  Reid,  and  seconded  by  Mr. 
Nathaniel  Dunlop,  that  Mr.  Edward  M.  Dixon,  B.Sc,  be  appointed 
to  the  office  of  Librarian.     The  motion  was  unanimously  agreed  to. 

The  Chairman  stated  that,  in  addition  to  the  four  vacancies 
caused  in  the  Council  by  the  retiring  by  rotation  of  Mr.  Chapman, 
Mr.  Bromhead,  Mr.  Whitelaw,  and  Mr.  M'Adam,  a  fifth  vacancy 
bad  just  occurred  by  the  election  of  Professor  Ferguson  to  the  office 
of  President  of  the  Chemical  Section,  who  thus  becomes  ex  officio  a 
Member  of  Council;   the  Society  would  therefore  ballot  for  five 
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members,  and  of  that  number  the  gentleman  having  the  fewest 
votes  would  take  the  place  vacated  by  Professor  Ferguson,  and 
continue  in  office  during  the  two  remaining  years  for  which  that 
gentleman  had  been  elected  to  serve. 

The  following  gentlemen  were  nominated  to  succeed  the  retiring 
members,  viz.: — Mr.  Day,  Mr.  Deas,  Mr.  Dron,  Dr.  James  B. 
Russell,  Mr.  Wiinsch,  Mr.  John  Mayer,  F.C.S.,  Mr.  James  Mactear, 
F.C.S.,  and  Mr.  Coleman,  F.C.S. 

Mr.  Nathaniel  Dunlop  and  Mr.  John  M 'Gavin  consented  to  act 
as  scrutineers  of  votes. 

The  scrutineers  reported  that  the  following  had  the  greatest 
number  of  votes: — 

Mr.  James  Deas,  C.E.,  M.I.C.E.,         .  88  votes. 

Dr.  James  B.  Bussell,  B.A.,  .     80     „ 

Mr.  William  Dron,  ^9      » 

Mr.  Edward  A.  Wiinsch,  .         .  .     60      „ 

Mr.  St.  John  Vincent  Day,  C.R,  F.R.S.R,  .     59      „ 

These  gentlemen  were  therefore  declared  by  the  Chairman  to 
have  been  duly  elected  Members  of  Council. 

Dr.  Henry  Muirhead  read  a  paper  "  On  the  Genesis  of  Atoms, 
Worlds,  and  Sun-Spots." 

Mr  James  Thomson,  F.G.S.,  exhibited  and  described  Blocks  of 
Sandstone  with  the  marks  of  Implements,  got  twenty  feet  below 
the  surface  at  Stobcross  Docks. 


December  1,  1875. — Dr.  Fergus,  Vice-President,  in  the  Chair. 

The  Minutes  of  the  meeting  of  17th  November  having  been 
read — 

Dr.  Robert  Bell  called  attention,  at  some  length,  to  the  omission 
from  the  Minutes  of  any  reference  to  a  question  asked  by  him  at 
last  meeting  of  the  Society. 

It  was  thereupon  moved  by  Mr.  Thomas  Muir,  High  School,  that 
the  following  be  inserted  in  the  Minutes: — 

"  Dr.  Robert  Bell  asked  why  certain  papers  read  by  him  before 
the  Society  had  not  been  printed  in  the  Proceedings  1 

*'  The  Chairman  replied  that  the  question  as  to  whether  a  paper 
should  be  read,  and  the  question  as  to  whether  it  should  be  printed, 
were  totally  distinct ;  and  that  for  the  printing  or  non-printing  of 
any  communication,  the  Paper  Committee  was  alone  responsible." 
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The  motion  was  seconded  by  Mr.  Ed.  M.  Dixon,  and  unani< 
monsly  agreed  ta 

The  following  were  elected  members  of  the  Society,  viz.: — 

Professor  W.  Dittmar,  F.RS.K,  Andersonian  University ;  Mr. 
William  Scott,  12  Prince's  Terrace,  Dowanhill ;  Mr.  Arthur  Smith- 
ells,  Trees,  Barrhead ;  Mr.  Andrew  Reid,  Biscuit  Manufacturer, 
22  North  Albion  Street;  Mr.  William  Paton  Buchan,  Plumber, 
27  Renfrew  Street;  Mr.  J.  Crawford  Renton,  M.R,  L.R.C.P.&S.Ed., 
18  -St.  James's  Terrace,  Hillhead;  Mr.  Robert  Goodwin,  Engi- 
neer, 75  Buchanan  Street ;  Mr.  John  Grarroway,  Netherfield 
Chemical  Works,  28  Buchanan  Street ;  Mr.  Duncan  Cameron, 
88  West  Nile  Street;  Mr.  Francis  Smith,  45  Gordon  Street;  Mr. 
John  Tatlock,  Analytical  Chemist,  138  Bath  Street;  Mr.  David 
H.  Anderson,  Manufacturer,  Bridge  ton ;  William  Ramsay,  Ph.D., 
Tutorial  Assistant  of  Chemistry,  University,  11  Ashton  Terrace; 
Dr.  Gavin  P.  Tonnent,  120  Bath  Street ;  Mr.  J.  Guthrie  Smith, 
Writer,  173  St.  Vincent  Street ;  Mr.  Robert  Pirrie,  Merchant, 
9  Ruckingham  Terrace. 

A  letter  from  Mr.  Brodie,  Sculptor,  Edinburgh,  was  read,  stating 
that  at  the  request  of  James  Young,  Esq.  of  Kelly,  he  had  sent  a 
bust  of  the  late  Master  of  the  Mint  for  presentation  to  the  Philoso- 
phical Society. 

The  Chairman  said  that  the  bust  of  the  late  Mr.  Graham  was 
now  on  the  table,  and  he  proposed  that  the  Secretary  be  instructed 
to  return  to  Mr.  Young  their  best  thanks  for  his  very  valuable 
gift  to  the  Society.     The  proposal  was  cordially  agreed  to. 

Mr.  Thomas  Muir,  Secretary  to  the  Physical  Section,  read  a 
paper  by  Mr.  John  Mackenzie,  C.E.,  Bristol,  "  On  the  Economy  of 
Napier's  Stove." 

Mr.  James  R.  Napier  having  added  some  remarks  explanatory  of 
the  structure  of  the  stove, 

Mr.  John  Jex  Long,  Mr.  James  Smith,  Mr.  Coleman,  Mr  Brom- 
head,  Dr.  Irvine,  Professor  James  Thomson,  LL.D.,  and  Mr.  Dixon 
took  part  in  the  discussion  of  the  paper. 

A  paper  by  Mr.  William  Ross,  "  On  a  Waste-preventing  Water- 
Tap,"  was  read  by  Mr.  James  R.  Napier,  and  was  followed  by 
remarks  from  the  Chairman,  Mr.  Dron,  Mr.  W.  R.  W.  Smith,  Mr. 
M'Intosh,  Mr.  John  Jex  Loug,  Mr.  P.  Buchan,  Mr.  Neilson^  and 
Mr.  J.  Mayer. 

A  paper  descriptive  of  a  Boat-lowering  Apparatus,  invented  by 
Captain  Barr,  was  read  by  Mr.  James  R.  Napier,  and  illustrated  by 
a  model. 


Minutes  of  Session.  191 

Mr.  James  £.  Napier  described  a  Hope  Catch  and  a  Sand-paper 
Catch  for  Turners. 

Mr.  Ed.  M.  Dixon  explained  a  method  of  keeping  Biscuits,  <S:c., 
Dry,  which  had  been  contrived  by  the  late  Mr.  Walter  Crum. 


December  15,  1875. — Dr.  Fergus,  Vice-Presidenty  in  the  CJiair, 

The  following  were  elected  members  of  the  Society,  viz. : — 

Mr.  John  Dempster,  33  Abbotsford  Place ;  Mr.  Heniy  William 
Bald,  Cranstonhill  Engine  Works;  Mr.  Robert  Langton  Brown, 
Writer,  68  Bath  Street. 

Professor  Ferguson,  M.A.,  delivered  before  the  Society  his 
Opening  Address  as  President  of  the  Chemical  Section. 

The  Society,  on  the  motion  of  the  Chairman,  voted  thanks  to 
Professor  Ferguson,  and,  on  the  motion  of  Dr.  Wallace,  resolved  to 
print  the  Address  in  the  Proceedings.  ' 

The  Society  adjourned  for  the  holidays,  the  next  meeting  being 
fixed  for  the  12tli  of  Januarv. 


Janvuary  12,  1876. — Professor  Allen  Thomson,  M.D.,  LL.D.,  Vice- 

President,  in  the  Climr. 

The  following  were  elected  members  of  the  Society,  viz.  : — 
Rev.  James  Dodds,  Minister  of  St.  George's,  15  Sandyford  Place; 
Mr.  Alexander  Shanks,  Marine  Engineer,  5  Derby  Terrace ;  Mr. 
Jas.  G.  Macintyre,  93  Bothwell  Street ;  Mr.  Laurence  B.  Buchanan, 
Writer,  2  Sandyford  Place;  Mr.  David  Murray,  Writer,  169  West 
George  Street ;  Dr.  John  Dougall,  2  Cecil  Place,  Paisley  Road ;  Mr. 
M*Taggart  Cowan,  C.E.,  27  Ashton  Terrace,  HilUiead ;  Mr.  John 
Laird,  Marchmont,  Port-Glasgow;  Mr.  A.  MacVicar,  Chain  and 
Anchor  Maker,  Shields  Cottage,  Pollokshields. 
^  Mr.  Jas.  R.  Napier  read  "  Notes  on  the  Physical  Geography  and 
Natural  History  of  the  North  Coast  of  Australia,"  by  the  late 
Francis  Napier,  Esq.  Mr.  Napier  received  the  thanks  of  the  Society 
for  his  communication. 


Jarwary  26,  1876. — Dr.  Fergus,  Vice-President,  in  the  Chaiir, 

The  following  were  elected  members  of  the  Society,  viz. : — 

Mr.  William  Adam,  Teacher,  296  Renfrew  Street;  Mr.  John 
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Dansken,  Measurer  and  Surveyor,  54  West  Regent  Street;  Mr. 
Daniel  Mowat,  Teacher,  88  St.  George's  Koad ;  Mr.  George  A. 
Waghom,  Messrs.  Brassey  <k  Co.*s,  88  Great  Clyde  Street;  Mr. 
Henry  Bell,  Cleddens  House,  Bishopbriggs. 

Professor  Young  gave  notice  of  motion  for  next  meeting  of  the 
Society,  that  steps  be  taken  to  obtain  a  meeting  of  the  inhabitants, 
to  secure  the  adoption  of  the  Free  Libraries  and  Museums  Act  for 
Glasgow. 

Dr.  Eben.  Watson  read  a  paper  "  On  some  Modem  Theories  of 
the  Nature  and  Origin  of  Life." 

The  subject  was  discussed  by  Mr.  Buchan,  Mr.  Coleman,  Rev. 
Dr.  M'Cann,  Dr.  Dougall,  Mr.  James  Thomson,  Mr.  E.  A.  Wiinsch, 
and  Mr.  John  Mayer. 

Dr.  Wallace  described  an  Apparatus  for  Evaporating  Oil  of 
Vitriol,  the  invention  of  Junius  Gridley,  of  New  York. 


Febmary  9. — Dr.  Fergus,  Vice-Preaideniy  in  tlis  Cliair. 

The  following  were  elected  members  of  the  Society,  viz. : — 

Mr.  Jas.  White,  Optician,  78  Union  Street ;  Mr.  Jas.  Colquhoun, 
Writer,  156  St.  Vincent  Street;  Mr.  James  Ross,  Wallside, 
Falkirk ;  Mr.  Hugh  Kennedy,  Redclyffe,  Partick ;  Mr.  Hector 
MacColl,  Engineer,  65  West  Regent  Street ;  Mr.  Frank  Y. 
Henderson,  28  Renfield  Street ;  Mr.  John  Currie,  Messrs.  J.  Clark, 
Jun.,  «k  Co.,  Mile-end ;  Mr.  Peter  M'Kissock,  Builder,  Annfield 
Cottage,  Partick. 

The  following  paper  was  read,  viz.  : — "  On  Ancient  Mortars  and 
Cements."     By  Mr.  James  Napier,  F.C.S.,  F.R.S.E. 

Mr.  J.  J.  Coleman,  F.C.S.,  exhibited  and  explained  the  Apparatus 
used  in  his  recent  researches  on  the  Condensation  of  Hydrocarbon 
Oases. 

Professor  Young,  agreeably  to  notice  given  at  last  meeting, 
moved,  "  That  steps  be  taken  to  obtain  a  meeting  of  the  inhabitants, 
to  secure  the  adoption  of  the  Free  Libraries  and  Museums  Act  for 
Glasgow." 

Mr.  David  Sandeman  seconded  the  motion. 

Mr.  James  Cleland  Bums  proposed  to  add  to  this  motion  the 
following  clause : — "  And  that  for  this  end  the  Committee  appointed 
by  the  Society  in  last  Session  be  called  together,  with  power  to  add 
to  their  number,  if  necessary." 

Mr.  John  Mayer  moved  the  following  amendment,  which  was 
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seconded  bj  Mr.  James  Thomson  : — ''  Inasmuch  as  the  consideration 
of  the  propriety  of  adopting  the  Free  Libraries  and  Museums  Act 
in  connection  with  the  Mitchell  Bequest  was  remitted  to  a  Com- 
mittee  of  the  Society  (Mr.  J.  C.  Burns,  Convener),  it  is  hereby 
resolved  that  no  further  action  in  the  matter  be  taken  until  that 
Committee  shall  have  submitted  a  report  upon  the  subject  to  the 
Society,  so  as  to  enable  the  members  to  arrive  at  a  proper  judgment 
upon  it.  And  it  is  further  resolved  to  request  the  Committee  to 
submit  a  report  at  an  early  meeting." 

After  much  discussion,  in  the  course  of  which  some  doubt  was 
expressed  as  to  the  standing  and  powers  of  the  Committee  appointed 
in  last  Session, 

The  Chairman  suggested  that  the  Committee  be  re-constructed, 
with  full  powers  to  deal  with  the  whole  question,  and  report  to  the 
Society. 

This  proposal  was  unanimously  agreed  to,  and  the  following  were 
appointed  a  Committee,  with  power  to  add  to  their  number,  viz. : — 

Mr.  James  C.  Bums,  Convener.  Professor  Young,  M.D. 


Mr.  John  Mayer,  StdhConvener. 
Mr.  James  Thomson. 
Councillor  MacBean. 
Councillor  W.  R  W.  Smith. 
Mr.  William  M*Adam. 
Mr.  Horatio  K.  Bromhead. 
Mr.  St.  John  Vincent  Day. 


Professor  Ferguson. 
Dr.  Walter  G.  Blackie. 
Mr.  David  Sandeman. 
Mr.  William  Melvin. 
Mr.  WilUam  Smith. 
Mr.  William  C.  Coghill. 


Fdyruary  23,  1876. — The  President  in  tfie  Chair. 

The  following  were  elected  members  of  the  Society,  viz. : — 

Mr.  Henry  Stewart,  Timber  Merchant,  City  Saw  Mills  ;  Mr.  John 
S.  Dunn,  Timber  Merchant,  R-ockvilla  Saw  Mills,  Port-Dundas  ; 
Mr.  Duncan  M'Lachlan,  2  Ardine  Terrace,  Crossbill ;  Mr.  John 
M*Crae,  Timber  Broker,  192  New  City  Bead  ;  Mr.  John  Ligat, 
ManufisLcturer,  21  Boselea  Drive,  Dennistoun ;  Mr.  Jas.  F.  Barron, 
Cabinetmaker,  44  Gordon  Street ;  Mr.  David  Graham,  Jun., 
Electrical  and  Mechanical  Bellhanger,  267  Sauchiehall  Street. 

The  following  papers  were  read,  viz. : — 

'*  Bigorous  Investigation  of  the  Vena  Contracta  in  a  Certain 
Case."  By  W.  Froude,  Esq.,  C.E.,  F.R.S.— (Communicated  by  Sir 
William  Thomson.) 

Vol.  X. — No.  1.  o 
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"Experiments   Illustrating   Rigidity  produced   by    Centrifugal 
Force.''     By  John  Aitken,  Esq. 


March  8,  1876.— Dr.  Fergus,  Vice-President,  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz. : — 

Mr.  Geo.  Doddrell,  Jun.,  5  Belmont  Terrace ;  Mr.  John  Sherifif, 
Timber  Merchant,  156  St.  Vincent  Street ;  Mr.  William  Nowery, 
64  Warroch  Street,  Anderston ;  Mr.  Wul  Robertson,  14  Hillsboro 
Square,  Hillhead  ;  Mr.  James  Gray,  Manufacturer,  12  Kelvingrove 
Street ;  Mr.  James  F.  Scott,  Chemist,  DiUichip  Works,  Bonhill. 

The  Chairman  mentioned  that  the  Council  had  received  a  Report 
from  its  Committee  on  the  proposal  to  entertain  the  British  Associ- 
ation at  a  Conversazione  ;  but  had  agreed  to  defer  consideration  of 
the  Repoi*t  till  the  arrangements*  for  the  meeting  of  the  Association 
are  in  a  more  mature  state. 

The  following  papers  were  read,  viz.  : — 

"On  the  Current  Doctrines  of  Attraction  and  Energy;— a 
Kinetic  Theory  of  the  Cosmos  ; — ^and  an  Appendix  on  the  Influence 
of  the  Positions  and  Motions  of  the  Orbs  of  the  Solar  System  on 
Terrestrial  Magnetism  and  allied  Phenomena.''  By  Dr.  Henry 
Muirhead. 

■  "  On  some  New  Species  of  Carboniferous  Corals."  By  H.  A. 
Nicholson,  M.D.,  D.Sc,  F.R.S.E,  Professor  of  Natural  History  in 
the  University  of  St.  Andrews,  and  Mr.  James  Thomson,  F.Q.S. 

Sections  of  the  Specimens  described  were  exhibited  with  the  aid 
of  Birrell's  Oxyhydrogen  Self-Regulating  Apparatus,  which  was 
afterwards  explained  by  the  Inventor. 


March  22,  1876. — Dr.  Yergus,' Vice-PresiderU,  in  the  Chair. 

Mr.  William  Hill  Thomson,  Secretary  to  British  Dynamite  Com- 
pany, was  elected  a  member  of  the  Society. 

A  note  was  received  from  the  President  apologising  for  being 
unable  to  attend  the  meeting  either  of  Council  or  of  the  Society  this 
evening,  and  expressing  a  hope  that  an  arrangement  would  be  made 
to  have  a  Special  Meeting  of  the  Society  on  this  day  week  to  con- 
sider the  Lord  Chancellor's  Patents  BilL 

The  Chairman  intimated  that  the  Council  had  agreed  this  evening 
to  call  a  Special  Meeting  on  Wednesday  next,  the  29th  inst.,  when 
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Mr.  Edmund  Hunt  would  introduce  the  subject  by  "Observations 
on  the  Patents  for  Inventions  Bill,  1876." 

A  communication  was  received  from  Mr.  Alexander  Scott,  con- 
taining the  following  Minute  : — 

"  Within  the  Library  Boom  of  the  Philosophical  Society  of  Glas- 
gow, on  the  evening  of  10th  March;  1876,  a  meeting  of  members  of 
the  Society  was  held  in  accordance  with  invitation  in  the  Society's 
Circular. 

"  Mr.  Alex.  Scott  having  been  called  to  the  chair,  the  following 
Kesolution  was  submitted  and  unanimously  adopted — Mr.  Wiinsch 
dissenting  from  the  use  of  the  term  *  Geology '  therein  : — 

"  *  That  a  Biological  Section  (including  Physiology,  Anthropology, 
Zoology,  Botany,  and  Geology)  be  constituted,  in  accordance  with 
the  Rules  of  the  Philosophical  Society.' 

"  The  Chairman  was  requested  to  intimate  this  resolution  to  the 
General  Secretary,  with  the  view  of  its  being  brought  before  the 
Society  in  order  to  the  recognition  of  the  Section. 

"  Alex.  Scott,  Chairman," 

Mr.  Wiinsch  objected  to  Geology  being  appropriated  by  the 
Biological  Section,  as  invading  the  province  of  a  separate  and  inde- 
pendent Society,  and  he  moved  that  it  be  excluded  for  the  present. 

Mr.  Archibald  Kobertson  seconded  the  motion. 

Mr.  Alex.  Scott  made  some  remarks  in  favour  of  retaining  Geology 
amongst  the  Sciences  assigned  to  the  new  Section. 

The  question  was  put  to  the  vote,  and  Mr.  Wlinsch's  motion  was 
earned. 

The  Chairman  then  declared  the  Biological  Section  to  have  been 
duly  constituted. 

The  following  papers  were  read,  viz. : — 

"  On  some  Erroneous  Notions  Held  and  Taught  regarding  the 
Vena  Contracta.''     By  R.  D.  Napier,  Esq. 

"On  Crookes'  Radiometer."  By  Mortimer  Evans,  Esq.,  C.E, 
P.G.S. 

"  On  a  Mast-head  Light  for  shewing  the  Course  a  Vessel  is  Steer- 
ing."    By  Captain  Jacob  Holm. 

"  On  a  Compass  Binocular  Field-glass  for  Rough  Surveys."  By 
R.  E.  Barker,  Esq. 

(The  last  two  papers  were  communicated  by  Jas.  R.  Napier,  Esq.) 

The  next  Ordinary  Meeting  of  the  Society  was  appointed  to  be 
held  on  Wednesday,  the  12th  of  April. 
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March  29,  1876. 

A  Special  Meeting  of  the  Society,  convened  for  the  purpose  of 
considering  the  Patents  for  Inventions  Bill,  1876,  now  before  Parlia- 
ment, was  held  this  evening,  Sir  William  Thomson,  President,  in 
the  chair. 

Mr.  Edmund  Hunt  introduced  the  subject  by  reading  "  Observa- 
tions on  the  Patents  for  Inventions  Bill,  1876." 

In  the  discussion  which  followed,  Mr.  James  Robertson,  Mr.  St. 
John  Vincent  Day,  Mr.  J.  Brown,  Mr.  James  R.  Napier,  Mr.  Wm- 
Gorman,  Mr.  James  Steel,  Mr.  J.  J.  Coleman,  Professor  James 
Thomson,  LL.D.,  Mr.  Robert  D.  Napier,  and  the  President  took 
part. 

It  was  unanimously  resolved,  on  the  suggestion  of  the  President, 
that,  every  fisicility  having  been  given  to  the  members  for  the  free 
expression  of  their  opinions  upon  the  Patents  for  Inventions  Bill,  a 
Committee  be  now  appointed  with  instructions  to  draw  up  resolu- 
tions embracing  such  amendments  as  are  deemed  necessary;  to  print 
and  circulate  the  resolutions ;  to  prepare  a  petition  to  the  House  of 
Commons  founded  upon  the  resolutions,  the  petition  to  be  signed  by 
the  President  in  name  of  the  Society;  and  to  communicate  the 
resolutions  to  the  Lord  Chancellor  as  the  finding  of  the  Philo- 
sophical Society  of  Glasgow. 

The  Committee  was  appointed  as  follows,  viz. : — 

Prof.  Sir  Wm.  Thomson,  LL.D.  Mr.  J.  Brown. 

Mr.  James  Robertson.  Mr.  T.  Currie  Gregory. 

Mr.  James  R.  Napier.  Professor  Jas.  Thomson,  LL.D. 

Mr.  Edmund  Hunt.*  Mr.  James  SteeL 

Mr.  St.  John  Vincent  Day. 


April  12,  1876. — Dr.  Fergus,  Vice-Fresideni,  in  the  Chair. 

Mr.  Charles  P.  Hogg,  C.E.,  4  Branford  Place,  Dennistoun,  was 
elected  a  member  of  the  Society. 

In  the  absence  from  indisposition  of  Mr.  H.  D.  Scott-Moncrieff, 
the  historical  introduction  to  that  gentleman's  paper  "On  the 
Storage  of  Air  applied  to  Locomotion,"  was  read  at  his  request  by 
Professor  George  Forbes,  of  the  Andersonian  University,  the  part 

*  A  letter  was  received  from  Mr.  Hunt,  of  date  April  25,  requesting  that  it 
might  be  minuted  that  he  had  withdrawn  from  the  Committee  appointed  at  the 
Special  Meeting  on  March  29. — Minute  of  Councilf  May  S, 
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referring  to  the  Pneumatic  Tramway  Car  being  reserved  for  another 
occasion. 

Mr  James  R.  Napier  read  a  communication  from  James  Young, 
Esq.  of  Kelly,  "  On  a  Method  of  Checking  Distances  Travelled  by 
Passengers  in  Cars  or  Wheel  Carriages.'' 

Dr.  W.  Wallace  brought  before  the  Society  the  results  of  Experi- 
ments to  test  the  Loss  of  Light  in  Red  and  Green  Bailway  Signal 
Lamps,  and  proposed  an  improved  system  of  Railway  Signalling. 

In  the  discussion  which  followed,  Mr.  Deas,  Mr.  Anderson, 
Professor  Forbes,  Mr.  J.  R  Napier,  Mr.  Coleman,  Mr.  Long,  Mr. 
Harvey,  &c.,  took  part. 

Mr.  James  R.  Napier  gave  notice  of  the  following  motion: — 
*^  That  the  sum  of  £100  of  the  funds  of  the  Society  be  put  at  the 
disposal  of  the  Council,  for  the  purpose  of  entertaining  the  British 
Association  on  the  occasion  of  their  visit  to  Glasgow  in  September 
next,  in  any  way  which  the  Council  may  decide  upon.'' 


April  26,  1876. — Dr.  Fergus,  VicePresidenty  in  the  C/uzir, 

Mr.  A.  H.  Stewart,  6  Holyrood  Crescent,  was  elected  a  member 
of  the  Society. 

A  letter  was  received  from  Mr.  George  Anderson,  M.P.,  inti- 
mating that  he  had  presented  to  the  House  of  Commons  the 
Petition  of  the  Philosophical  Society  on  the  Patents  for  Inventions 
BiU,  1876. 

A  letter  was  received  from  Mr.  James  Grahame,  Honorary 
Acting  Secretary  to  the  British  Association,  Glasgow  Meeting, 
conveying  the  thanks  of  the  Executive  Committee  to  the  Philo- 
sophical Society  for  placing  their  Library  at  the  disposal  of  the 
members  of  the  Association  during  the  time  of  the  Meeting ;  and 
also  intimating  that,  in  the  event  of  the  Philosophical  Society  wish- 
ing to  have  a  Conversazione  or  Excursion  in  connection  with  the 
Meeting,  it  would  afford  the  Executive  Committee  pleasure  to 
make  such  common  arrangements  as  would,  as  far  as  possible,  meet 
the  wishes  of  the  Philosophical  Society. 

A  Minute  of  the  Finance  Committee  was  received  from  the 
Council,  disapproving  of  the  proposal  to  grant  £100  out  of  the 
Society's  funds  for  the  purpose  of  entertaining  the  British  Associa- 
tion. 

It  having  been  agreed,  on  the  motion  of  Mr.  Dron,  seconded  by 
Mr.  Deas,  to  suspend  the  standing  orders, 
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Mr.  James  B.  Napier,  in  accordance  with  notice  given  at  last 
meeting,  moved — "That  the  sum  of  £100  of  the  funds  of  the 
Society  be  put  at  the  disposal  of  the  Council,  for  the  purpose  of 
entertaining  the  British  Association  on  the  occasion  of  their  visit 
to  Glasgow  in  September  next,  in  any  way  which  the  Council  may 
decide  upon." 

The  motion  was  seconded  by  Dr.  Muirhead. 

Mr.  Archibald  Bobertson  moved  as  an  amendment  the  previous 
question. 

Mr.  John  Jex  Long  seconded  the  amendment. 

Mr.  Deas  moved — "  That  the  funds  to  be  placed  at  the  disposal 
of  the  Council  for  the  purpose  of  entertaining  the  British  Associa- 
tion, on  the  occasion  of  their  visit  to^  Glasgow  in  September  next, 
be  provided  by  the  voluntary  subscriptions  of  the  members  of  the 
Society."     Seconded  by  Dr.  Morton. 

Several  other  proposals  were  made,  and  after  much  discussion  a 
vote  was  finally  taken  on  the  motion  of  Mr.  Napier  and  the  amend- 
ment of  Mr.  Deas,  when  26  voted  for  the  latter  and  14  for  the 
former. 

The  amendment  of  Mr.  Deas  was  therefore  declared  to  be  carried. 

Dr.  James  Stirton,  F.L.S,  read  a  paper  describing  recently  dis- 
covered Foreign  Lichens. 


Mai/  10,  1876. — Dr.  Fergus,  Vice-President,  in  the  CJiair, 

The  following  gentlemen  were  proposed  as  members  of  the 
Society,  to  be  balloted  for  at  the  first  meeting  of  next  Session,  viz.: 

Mr.  William  J.  Easton,  Writer,  150  Begent  Street;  recom- 
mended by  Dr.  Muirhead,  Mr.  John  Mann,  and  Dr.  Fergus.  Mr. 
John  Strain,  Civil  Engineer,  143  West  Begent  Street;  recom- 
mended by  Mr.  John  Mann,  Mr.  W.  B.  W.  Smith,  and  Mr.  D. 
Munro.  Mr.  John  M*Elinlay,  Marine  Insurance  Broker,  St. 
Vincent  Place ;  recommended  by  Dr.  Alexander  Laing,  Dr.  Muir- 
head, and  Mr.  W.  Keddie.  Mr.  John  Thomson,  Alliance  Foundry; 
recommended  by  Mr.  J.  J.  Coleman,  Mr.  James  Brownlee,  and  Mr. 
John  Jex  Long.  Mr.  James  Manwell,  Contractor,  2  Albert  Boad, 
Pollokshields ;  recommended  by  Dr.  W.  Wallace,  Mr.  John  David- 
son, and  Dr.  John  Clsurk.  Mr.  William  James  Fleming,  M.B., 
155  Bath  Street,  recommended  by  Dr.  Andrew  Buchanan,  Dr. 
Fergus,  and   Dr.    Muirhead.      Mr.  Archibald  D.  Stewart,  M.B., 
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L.It.C.S.,Ed.,  14  Donmore  Ternuie,  Derby  Street;  recommended 
by  Mr.  S.  Schuman,  Dr.  Allen  Thomson,  and  Dr.  Fergus.  Mr. 
William  Younger,  St.  Eollox  Chemical  Works ;  recommended  by 
Dr.  Fergus,  Mr.  James  Mactear,  and  Mr.  W.  Galbraith.  Mr.  Jas. 
Brown,  Optician,  76  St.  Vincent  Street;  recommended  by  Mr. 
Alexander  Scott,  Dr.  James  Finlayson,  and  Dr.  Fergus.  Dr. 
James  Stirton,  L.R.C.S.,E.,  15  Newton  Street ;  recommended  by 
Mr.  Alexander  Scott,  Mr.  John  Robertson,  and  Dr.  Fergus.  Mr. 
Peter  Hately  Waddell,  Jun.,  Student,  75  HUl  Street,  Gamethill; 
recommended  by  Mr.  James  R.  Napier,  Mr.  S.  Schuman,  and  Mr. 
John  Mann.  Mr.  Henry  E.  Clark,  L.R.C.S.,Eng.,  9  Elmbank 
Street ;  recommended  by  Dr.  Fergus,  Dr.  S.  H.  Wright,  and  Dr. 
Muirhead. 

The  Rev.  Mr.  M'Rae,  of  Gourock,  was  introduced  by  Dr. 
Fergus,  and  described  the  Type- Writing  Machine,  which  he  also 
exhibited  in  operation.  The  thanks  of  the  Society  were  voted  to 
Mr.  M*Rae. 

The  following  Papers  from  the  Biological  Section  were  read,  viz.: 

"  Spontaneous  Evolution ;  with  Notes  of  Experiments  on  Vital 
Resistanca"     By  Neil  Carmichael,  M.D. 

"  Account  of  an  Experiment  in  Oyster  Culture  at  Fairlie."  By 
Ed.  a.  WijNSCH,  Esq.,  F.G.S. 

James  Cleland  Bums,  Esq.,  gave  in  a  Rej)ort,  as  Convener,  from 
the  Committee  on  Public  Libraries, 

On  the  motion  of  Mr.  Wunsch,  seconded  by  Mr.  W.  R.  W.  Smith, 
the  thanks  of  the  Society  were  voted  to  the  Committee  and  to  Mr. 
J.  Cleland  Bums,  its  Convener;  and  the  Committee  was  re-ap- 
pointed, with  ftill  powers  to  watch  over  the  subject  of  Free  Public 
Libraries,  with  special  reference  to  the  Mitchell  Bequest. 

The  following  Reports  were  given  in  by  the  Secretaries  of 
Sections: — 

Architectural  Section. 

This  Section  commenced  the  work  of  the  past  Session  under  some- 
what unfavourable  circumstances,  so  late  as  the  16th  of  February 
last  no  business  having  been  transacted  by  the  Section  previous  to 
that  date  since  the  17th  December,  1872.  For  all  practical  pur- 
poses, indeed,  the  Architectural  Section  had  ceased  to  exist.  It 
may  now,  however,  be  said  to  be  in  full  working  order  again,  and 
to  give  fifiiir  promise  of  further  usefulness.  The  following  papers 
were  read : — 
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likk  Fd^rwiry,^'*  On  the  best  fcm  of    Wukdofw    for    School 
Bvildta^''  hr  Xr.  D&tmI  TkoBMK.     "^  Om  Sdbool 
Xr,  John  Honermadi,  who  mbo  exkibifeed  a  Taire  for  tke  A< 
of  Fresh  Air  to  .*!fchooI  Buildings,  drard^  4cl 

12<&  iTorci.— '^On  Timber  consHiered  m  a  BuildiBg  MaleriaL* 
bj  3Ir.  John  Cowan.  A  large  number  of  speameiis  of  wood  were 
exhibited. 

2^Jih  i^nrdL— Lecture  on  <"  The  Historr  of  Gkas  P^istiBg,''  bj 
Mr.  Alexander  Ballantjne,  of  Edinbur]g;h.  The  lecture  was  fflus- 
Uated  by  diagrams  and  specimens  shewn  br  limelight. 

2hi  April. — **  The  Classification  and  Registratioii  <^  House  Pro- 
perty in  Large  Cities/*  by  Mr.  John  Cowan. 

The  meetings  bare  been  fairly  attended,  and  at  the  last  meetii^ 
nineteen  gentlemen  intimated  their  desire  to  beccMne  Associates  of 
the  Section*  Our  prospects  are  enoouiaging,  and  we  look  Ibrward 
to  beginning  the  work  <^  next  Session  with  increased  numbers  and 
rmewed  energy. — Jameb  Sellabs,  Jun.,  Seertiary, 

Biological  Sectiox. 

At  a  meeting  of  members  of  the  Philosophical  Society,  h^d  on  the 
10th  of  March,  a  Biological  Section  was  constituted — its  object  to 
provide  pa{>erH  on  the  subjects  of  Physiology,  Anthropology,  Zoc^ogy, 
and  Botany,  to  V>e  read  before  the  Philosophical  Society.  Duiing 
the  present  Session  since  the  formation  of  the  Section,  three  papers 
from  the  Section  were  read  to  the  Society — Ist,  ''Recently  Dis- 
covered Foreign  Lichens,**  by  Dr.  James  Stirton.  2nd,  ''%)on- 
taneous  £volution,''  by  Dr.  Neil  Carmichael ;  and,  3rd,  ''  Account 
of  Experiment  in  the  Cultivation  of  Oysters  at  Fairlie,"  by  £.  A. 
Wiijisch,  Esq.— D.  C.  M'Vail,  M.B.,  Secretary. 

Chemical  Section. 

*  The  Council  of  this  Section  are  glad  to  be  able  to  report  that  this 
Session  has  been  a  very  successful  one,  the  papers  read  haviiig  been 
not  only  original  but  highly  useful.  During  the  Session  ten 
meetings  have  been  held,  at  which  twelve  papers  w^:e  read  j  and 
ten  new  Associates  have  been  elected. 

The  following  is  a  list  of  the  papers  read : — 

''  Report  on  the  Production  of  Nitric  Acid  from  the  Free  Nitrogen 
of  the  Air,"  Part  I.,  by  R  M.  Dixon,  RSc.  "  On  the  Interference 
of  Certain  Metals  Vith  the  Accuracy  of  the  Process  for  Estimating 
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Copper  by  Cyanide  of  Potassium,"  by  Robert  T.  Thomson.  "  On  a 
Green  Compound  obtained  by  the  Action  of  Sulphur  on  Kitro- 
Naphthaline  ;*'  and  "  On  a  Specimen  of  Tesseral  Pyrites  containing 
J^junuth,"  by  William  Bamsay,  Ph.D.  "On  Some  Observations 
r^arding  the  Boiling  Point  of  Hydrated  Ethyl  and  Allyl 
Alcohol,"  by  Professor  W.  Dittmar,  and  D.  R.  Stewart ;  and 
''On  the  Analysis  of  Chrome  Ore,"  by  Professor  Dittmar, 
F.RS.E.  "On  Per-Bromic  Add,"  by  R  W.  Emerson  Macivor, 
M.P.S.L.  "  On  Fusion-Point  and  Thermometry,"  by  Dr.  E.  J. 
MiUs,  F.R.S.  ''On  the  Estimation  of  Copper  by  the  Cyanide 
Process,"  Part  II.,  by  Robert  T.  Thomson.  "  On  Germination, 
particularly  -with  Reference  to  the  Preparation  of  Malt,"  by  Dr.  W. 
Wallace,  F.R.S.E.,  F.C.S.  "  On  Preventing  and  Extinguishing 
Fire  on  Board  Ships,"  by  David  Cargill ;  and  the  Address  of 
Professor  Ferguson,  the  President  of  the  Section,  which  was  read 
to  the  Society.— R.  R  Tatlock,  Secretary. 

Physical  Section. 

The  Council  of  the  Physical  Section  have  much  pleasure  in  being 
able  to  present  as  favourable  a  report  of  the  work  done  in  the 
Session  now  closing  as  was  given  last  Session.  Several  new 
Associates  have  been  elected,  and  the  papers  offered  to  the 
Section  have  been  numerous  and  varied  in  character.  From  the 
mode  in  which  publicity  was  given  to  those  which  were  selected, 
they  are  already  well  known  to  the  Society,  and  need  not  be 
enumerated  here.  Few  of  these  communications,  however,  come 
up  to  the  ideal  i^tandard  which  the  members  of.  Council  have  set 
themselves  to  aim  at,  and  they  trust  sincerely  that  work  of  a 
higher  class  may  yet  be  obtained,  so  as  to  give  the  meetings 
of  the  Society  a  still  greater  scientific  value.  In  view  of  this,  the 
Council  have  seen  with  great  pleasure  the  formation  during  the 
Session  of  a  new  Section,  based  on  essentially  the  same  constitution 
as  the  Physical  Section,  and  more  especially  resembling  it  in  that 
it  aims  at  supplying  original  papers  of  general  interest,  to  be  read 
before  the  whole  Society.  The  Council  would  therefore  look  forward 
with  hope  to  a  not  distant  time  when,  from  the  united  efforts  of  the 
various  Sections,  the  General  Council  of  the  Society  may  have  a 
good  supply  of  papers  always  on  hand,  and  thus  be  in  a  position 
to  offer  matter  of  high  scientific  interest  for  every  meeting  of  tlio 
Society. — Thomas  Muib,  Secretary, 
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Sanitary  and  Social  Science  Section. 

The  Council  have  to  report  that  owing  to  various  causes  the 
meetings  of  the  Section  were  not  so  numerous  this  Session  as  usual. 
Amongst  other  business,  the  Section  was  favoured  with  an  interesting 
paper  firom  Dr.  Russell,  on  ''  The  Immediate  Results  of  the  Opera- 
tions of  the  Glasgow  Improvement  Trust  as  regards  the  Inhabitants 
Displaced,"  and  one  from  Dr.  Dougall  on  "Disinfectants."  A 
paper  was  also  read  by  Mr.  Buchan  on  a  "  New  and  Improved 
Method  of  Trapping  Water  Closets,"  which  gave  rise  to  a  good  deal 
of  discussion.  The  Council  have  to  report  the  number  of  Associ- 
ates this  Session  as  twenty-two. — Gavin  Chapman,  Secretary, 


The  Vice-President  announced  that  this  was  the  closing  meeting 
of  the  Session,  and  congratulated  the  Society  on  the  variety  and 
importance  of  the  Papers  which  had  been  provided  by  the  different 
Sections,  and  on  the  large  accession  to  the  Society  of  new  members. 
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ProceediDgs  of  the  South  Wales  Institate 

of  Engineers, The  Institute.  4  Parts. 

Journal  of  the  Franklin  Institute,      .        .  „  4    ,, 

Census  of  Victoria  for  1874,  .     H.  H.  Hajrter.  1  VoL 

Proceedings  of  the  Institution  of  Mechanic 

cal  Engineers, The  Institution*  2  Parts. 

Journal  of  the  Anthropological  Institute  of 

Great  Britain  and  Ireland,  The  Institate.  2    „ 

Proceedings  of  the  Academy  of  Natural 

Science,  Philadelphia,    ....     The  Academy.  1     „ 

North  of  England  Institute  of  Mining  and 

Mechanical  Engineers,  .  .     T.  W.  Sunning.  1  Map. 

ProceediDgs  of  the  American  Academy  of 

Arts  and  Sciences,  ....     The  Academy.  6  Vols.  / 

Mcmoires  de  la  Soci6t€  de    Soiences  de 

Bordeaux,       , The  Society.  1     ,, 

Smithsonian     Miscellaneous    Collections, 
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Smithsonian  Contributions  to  Knowledge, 

1874, „  1    „ 

Annual  Report  of  the  CJ.S.  Geological  and 

Geographical  Survey  of  the  Territories, 

embracing  Colorado,  .        .     F.  V.  Hayden.  2    „ 

Bulletin  of  the  Buffalo  Society  of  Natural 
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Essays  on  the  Languages,  Literature,  and 

Religion  of  Nep41  and  Tibet.     By  B.  H. 

Hodgson,  8vo,  London,  1874,         .        .    J.  D.  Campbell  1  VoL 

Journal  of  the  Statistical  Society,      .        .    The  Society.  2  Parts. 

Annual  Report  of  the  Board  of  Regents, 

Smithsonian  Institution,        .        .        .     The  Institution.  1  Vol. 

Monthly  Notices  of  Royal  Astronomical 

Society, The  Society  12  Parts. 

Proceedings  of  the  American  Philosophical 

Society, ,.  2    „ 

Astronomical  and  Meteorological  Observa- 
tions made  during   the  Year  1872  at 

U.  S.  Naval  Observatory,      .        .        .     B.  F.  Sands.  1  VoL 

Report  of  the  Thirty-Seventh  Meeting  of 

the  British  Association  for  the  Advance- 
ment of  Science,  held  at  Dundee  in  Sep- 
tember, 1867, E.  A.  Wiinsch.  1  VoL 

The  first  4  vols,  of  the  Academy ^  from 

1869  to  1873 Dr.  Muirhead.  4    ., 

The  Journal  of  Psychological  Medicine  and 

Mental  Pathology,         ....  ,,  13    „ 

The   Medical    Critic   and    Psychological 

Journal, ,,  2    „ 
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Monthly  Notices  of  the  Royal  Astronomi- 
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Jonmal  of  the  Anthropological  Institate  of  ' 
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Proceedings  of  the  Dublin  Uniyersity  Bio- 
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Royal  Institation  of  Great  Britain,   .        .  „  •         2    „ 

Royal  Institution  of  Great  Britain,   .        .  „  1  VoL 

Report  upcm  Uncertified  Deaths  in  Glas- 
gow for  1875, Dr.  Russell  1  Part. 

Transactions  of  the  Watford  Natural  His- 
tory Society  and  Hertfordshire  Field 
aub,  1876-1876, The  Society.  3    ., 

Transactions  of  the  Royal  Scottish  Society 
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Illustrations  of  the  Centimetre-gramme- 
Second  System  of  Units.  By  J.  D. 
Everett,  M.A.,  D.C.L.,  F.R.S.E.,  .        .     Physical  Society.         1  Pamphlet. 

Journal  of  the  Scottish  Meteorological 
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Smithsonian  Annual  Report  of  the  Board 
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Verslagen  en  Mededeelingen  der  Konink- 
l^ke  Akademie  van  Wetenschappen, 
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Natioiul  Academy, WuhiDgton. 

NatuDil  Obwrratmr, „ 

Smithaonun  ImtifciitiQn,   >,..«., 

TToited  Sttita  ObMrvBtorf, „ 
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New  Zealand  lutitnte, SewZeaUikd. 
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South  Walsa  Inatitate  of  Engineen, 
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Cleveland  Inatitntion  of  Engineen,  . 
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Aatronomer  Royal, Mslbonme. 

Boyal  Society  of  Victorii^ „ 
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Dublin  UmveTaity  Biological  Anoeiatioi],  DnUio. 

American  Inatitate, New  York, 

Lyceum  of  Natural  Hiatoiy, „ 

New  York  Agricnltnral  Socie^, „ 

Academy  of  Science, Hinonri. 

AmnrifAH  Ackdeoiy,  BoaUm. 

Boaton  Natml  Hiatory  Society , 

Berwickahire  Natnraliata'  Clab, Alnwi<^. 

Canadian  Iaititiit«s Canad*. 

Califiimia  Academy, Califivnia. 

Geological  Survey  OtBce, ,    Calcutta. 

Phiksoptdcal  Society  of  Cambridge,  ....    Cambridge. 

University  of  Chriatiania, Chriatiaiiia. 

Hiahnic  Society, Qoebee. 

InatitutiDii  of  Mechanical  EagineeiB,         ....     Birmingham. 
Midland  Inatitnte  of  Mining  Engineerii     ....     Bainiley. 

Boyal  Academy  of  Sdenoe, Berlin. 

Boyal  Academy  of  Science, Bnuaela. 

Society  of  Physical  Science, Bordeaoi:. 

La  Society  dsa  Sciences  Physique  et  Natni«Uee,  ,, 

Briatol  NatnraliaU' Club, BriatoL 

North  of  England  Inatitate  of  Mining  Engineera,  .    Newcaatie^n.Tync. 

Natural  Hiatory  Society, Portland,  Maine. 

Boyal  Academy  of  Science, StocUudm. 

Boyal  Academy  of  Sciencea, 
Boyal  Academy  of  Sciencea,     . 
Royal  Institute  of  Lombardy,  . 
Boyal  Oeogr^hical  Societiy, 

Bi^al  Inatitntion  et  Cornwall, Traro. 

R^pstrar-Oeneral,    .... 

R(^  Academy,       .... 

E.  &  Reed,  Banirter^t-lAw,  London, 

The  Geological  Survey  of  Canada, 

The  MeteordogicBl  ObiervatoTy, Monttoiirii^  Paris. 
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Traits  des  Mati^res  Colerantet.     Par  M.  V.  Sohfitzenberger.     2  vob.  8vo. 

PariB,  1867. 
Docimaaieoa  Traits  d' Analyse  dea  Sabstanoes  ^in^rales.    Par  M.  L.  R  Bivoi 

4  vols.  8vo.    Paris,  1861-66. 
Principes  G^n^ranz  da  Traitemeni  des  MineraislM^talliqnes.     Par  M.  L.  E 

Bivot.     3  vols.  8vo,  and  Atlas.     Paris,  1871-73. 
Etudes  snr  le  Vin.    'Far  M.  L.  Pastenr.    8vo.    Paris,  1873. 
BeitrSge  zur  Petrographie  der  Plntonischen  Gesteine.    Von  Justus  Botb.    4ta 

Berlin,  1869. 
Die  Mikroskopische  Beschaffenheit  der  Mineralien  und  Gesteine.     Von  Dr. 

Ferdinand  Zirkel.    8yo.    Leipzig,  1873. 
Zeitschrift  fur  Analytischo  Cliemie.    Von  Dr.  0.  Remigios  Fresenios.     9  Tola. 

8vo.    Wiesbaden,  1864-70. 
Berichte  der  Dentschen  Chemischen  Gesellschaft    8  vols.  8vo.     Berlin. 
Association  Fran^aise  pour  rAvancement  des  Sciences.    Comptes-Bendiia  de  la 

1st  Session.    8vo.    Bordeaux.    Paris,  1873. 

2nd     „  „      Lyon.  „      1874. 

3rd      „  „      Lille.  „      1875. 

The  Geological  Becord  for  1874.     Edited  by  William  Whitaker,  B.A.,  F.G.S. 

8vo.     London,  1875. 
Bemains  of  Lost  Empires  :  Sketches  of  the  Buins  of  Palmyra,  Nineveh,  Baby- 
lon, and  Persepolis,  with  some  Notes  on   India   and   the    Cashmerian 

Himalayas.    By  P.  V.  N.  Myers,  A.M.    8vo.    London,  1875. 
Hydraulic  Tables,  Co-efficients,  and  Formuhe  for  finding  the  Discharge  of 

Water   from    Orifices,  Notches,   Weirs,   Pipes,   and  Bivers.      By  John 

Neville,  C.E.,  M.B.LA.     8vo.     London,  1876. 
The  Chemistry  of  Light  and  Photography,  in  its  Application  to  Art,  Scienoe, 

and  Industry.    By  Hermann  Vogel.    12mo.     London,  1875. 
The  Doctrine  of  Descent  and  Darwinism.    By  Oscar  Schmidt.    ]2mo.     London, 

1875. 
The  Life  and  Growth  of  Language.     By  William  Dwight  Whitney.     12ma 

London,  1875. 
Life  of  Sir  Boderick  J.  Murchison,  Bart.,   K.C.B.,   F.B.S.      By  Archibald 

Geikie,  LL.D.,  F.B.S.    2  vols.  8vo.     London,  1875. 
The  Statesman's  Year-Book  for  1876. 
Outlines  of  Cosmic  Philosophy,  based  on  the  Doctrine  of  Evolution,  with 

Criticisms  on  the  Positive  Philosophy.    By  John  Fiske,  M.A.,  LUB. 

2  vols.  8va     London,  1874. 
Climate  and  Time  in  their  Geological  Belations :  A  Theory  of  Secular  Changes 

of  the  Earth's  Climate.    By  James  Croll.     1  voL  8vo.     London,  1875. 
The  Ocean :  its  Tides  and  Cuirents,  and  their  Causes.    By  William  Leighton 

Jordan.     1  voL  8vo.    London,  1873. 
Manual  of  Botany,  Anatomical  and  Physiological,  for  the  use  of  Students.    By 

Bobert  Brown,  M.A.,  Ph.D.,  F.L.S.,  F.B.G.S.     1  voL  8vo.    Edinbui^ 

and  London,  1874. 
Manual  of  Practical  Hygiene,  intended  especially  for  Medical  Officers  of  the 

Army  and  for  Civil  Medical  Officers  of  Health.     By  Edmund  A.  farkes, 

M.D.,  F.B.S.    Fourth  Edition.     1  voL  8vo.    London,  1873, 
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Autobiography  of  Sir  John  Rennie,  F.R.S.    1  voL  8vo.    Londoo,  1875. 
Dyeing  and  Calico  Printing;    including  an   Account    of  the  most  Recent 

Improvements  in  the  Manufacture  and  Use  of  Aniline  Colours.     By  the 

late  Dr.  F.   Crace-Calvert,  F.R.S.,  F.C.S.    Edited  by  John  Stenhouse, 

LL.D.,  F.R.S.,  &C.,  and  Charles  Edward  Groves.     1  voL  8vo.     Man- 
chester, 1876. 
Dr.  Vre's  Dictionary  of  Arts,  Manufactures,  and  Mines.    By  Robert  Hunt, 

F.R.S.,  assisted  by  F.  W.  Budler,  F.G.S.    Seventh  Edition.    3  vols.  8vo. 

London,  1875. 
Lombard  Street:  A  Description  of  the  Money  Market     By  Walter  Bagehot 

Sixth  Edition.     12mo.     London,  1875. 
Currency  and  Banking.    By  Bonamy  Price.     12mo.    London,  1876. 
Air  and  its  Relations  to  Life.    By  Walter  Noel  Hartley,  F.C.S.     12mo. 

London,  1875. 
The  Elements  of  Embryology.    By  M.   Foster,  M.A.,  M.D.,  F.R.S.,  and 

Francis  M.  Balfour,  R  A     12mo.    London,  1874. 
History  of  the  Conflict  between  Religion  and  Science.     By  John  WiUiam 

Draper,  M.D.,  LLD.     Sixth  Edition.     12mo.     London,  1876. 
Encydopeedia  Britannica.     Second  and  Third  vols.    The  Ninth  Edition. 
Metallurgy:  the  Art  of  Extracting  Metals  from  their  Ores.    By  John  Peroy, 

M.  D. ,  F.  R.  S. ,  F.  a  S.     1  voL  8vo.     London,  1875. 
Records  of  the  Past ;  being  English  Translations  of  the  Assjrrian  and  Egyptian 

Monuments.     Vols.  4,  5,  and  6.     12mo.     London. 
Journal  of  the  Royal  Geographical  Society  for  1875. 
Troy  and  its  Remains ;  A  Narrative  of  Researches  and  Discoveries  made  on  the 

Site  of  Iliune  and  in  the  Trojan  Plain.    By  Dr.  Henry  Schliemann.    Edited 

by  Philip  Smith,  B.  A.    8vo.     London,  1875. 
Sensations  of  Tone  as  a  Physiological  Basis  for  the  Theory  of  Music.    By 

Hermann  h,  F.  Helmholtz,  M.D.     8vo.    London,  1875. 
Life  of  the  Greeks  and  Romans  described  from  Antique  Monuments.     By  E. 

Guhl  and  W.  Koner.     8vo.     London,  1875. 
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As  I  have  the  honour  to  be  the  first  president  of  the  Biological 
Section  of  this  Society,  I  believe  it  is  incumbent  on  me  to  give  an 
address  to-night  at  once  inaugural  of  the  existence  of  the  Section 
and  introductory  to  its  work.  For,  though  three  excellent  papers 
were  produced  by  members  of  this  Section  at  the  close  of  last 
Session,  yet  the  present  is,  properly  speaking,  the  commencement 
of  the  Section.  We  have,  till  now,  had  no  opportunity  of  shewing 
to  anything  like  a  full  or  fair  extent  the  work  which  we  hope  to  be 
able  to  do  in  forwarding  the  great  objects  of  the  Philosophical 
Society. 

The  Biological  Section  was  constituted  on  the  10th  of  March  last, 
and  was  called  into  existence  partly  by  the  experienced  utility  of 
the  other  sections,  and  partly  in  recognition  of  the  growing  interest 
in  biological  science  which  is  so  manifest  in  the  present  day.  That 
science  ranges  over  a  wider  field  of  observation,  and  is  cultivated 
by  more  varied  means  of  research  than,  perhaps,  any  other  science, 
and  therefore  it  may  well  be  supposed  to  have  in  some  of  its  parts 
that  which  will  suit  the  taste  of  all  who  enter  upon  the  study. 
Hence  our  ex|>ectation  of  advantage  to  be  derived  by  the  general 
Society  from  t^is  new  Section  is  most  likely  to  be  fully  realised. 

Biology,  as  every  one  knows,  signifies  the  science  of  life,  or  of 
living  beings,  and  is  rightly  used  as  the  distinctive  name  of  a 
Section  the  members  of  which  are  devoted  to  the  study  of  all 
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organic  creatures,  both  vegetable  and  animal.  The  seyeral  depart- 
ments of  this  widely  extending  science  are  named  in  the  minute  of 
the  Society  as  physiology,  anthropology,  zoology,  and  botany. 

The  first  of  these,  physiology,  had  at  one  time  the  widest  appli- 
cation of  any  of  them,  and  denoted  the  science  of  Nature  itself;  but, 
strictly  speaking,  the  etymology  of  the  word  does  not  warrant  this 
extension ;  for  ^vaic  rather  signifies  the  internal  nature  or  power 
of  a  living  being,  and,  therefore,  the  modem  restriction  of  the  term 
is  the  correct  one — viz.,  to  the  science  which  explains  to  us  the 
laws  of  action  of  the  living  organs.  Of  course,  such  a  science  must 
have  two  great  branches,  one  extending  to  the  vegetable  world, 
another  to  the  animal ;  but  in  the  sense  in  which  it  is  used  in  our 
minute  of  constitution,  it  is  evidently  limited  to  the  human  species 
alone ;  because  zoology,  or  the  natural  history  of  the  lower  animals, 
and  botany,  that  of  plants,  arc  mentioned  separately. 

Anthropology  is  also  specially  named,  owing  to  the  great  interest 
which  must  ever,  in  such  a  Society  as  ours,  attach  to  the  study  of  those 
general  questions  regarding  man's  origin,  varieties,  and  relations  to 
his  fellows,  which  combine  to  constitute  this  one  of  the  highest  and 
most  important  of  all  the  sciences. 

When  one  attempts  to  survey,  however  generally,  this  wide  field 
of  scientific  research,  it  becomes  at  once  obvious  that  it  would  be 
very  desirable  to  define  at  the  outset  that  common  bond  which 
unites  all  its  varied  and  multitudinous  objects  into  one  great 
family — viz.,  life;  but  I  have  already  shewn  in  a  paper,  which  I 
communicated  to  tliis  Society  last  Session,  that  it  is  quite  impossible 
to  do  this  at  present  to  the  satisfaction  of  the  philosophical  world, 
and  that  the  very  attempt  lands  us  in  one  of  the  most  eager  scien- 
tific controversies  of  our  time — a  controversy,  indeed,  which  has 
ranged  biologists  in  two  opposing  parties,  far  as  the  poles  asunder. 
These  are  the  vitalists  and  the  physicists  According  to  the  former, 
whatever  be  the  view  entertained  of  its  intimate  nature,  life  is  con- 
sidered as  a  new  and  special  cause,  force,  or  energy,  dififering  from 
all  other  forces,  and  producing  those  vital  phenomena  which  are 
common  to  living  beings ;  while,  according  to  the  latter,  life  is  to 
be  regarded  merely  as  a  convenient  name  for  the  sum  of  the  vital 
processes,  which  depend  for  their  performance  upon  the  same  forces 
as  those  which  act  upon  inanimate  bodies. 

The  chief  modern  exponent  of  the  vitalists  is  Dr.  Beale  of  London, 
who  states  "  that  while  in  all  living  things  chemical  and  physical 
actions  occur,  there  are  other  actions  as  essential  as  they  are 
peculiar  to  life,  which  so  far  from  being  of  this  nature  are  opposed 
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to  and  capable  of  overcoming  chemical  and  physical  attractions." 
Again,  he  tells  us  that  "  the  vital  po^er  transcends  altogether 
physical  force;  for  it  controls,  guides^. directs,  arranges;  while  the 
latter  are  controlled,  guided,  and  directed.** 

AmoDg  the  physicists,  on  the  other- hand,  we  have  Mr.  Herbert 
Spencer  declaring  that  "  organisms  are  highly  differentiated  portions 
of  the  matter  forming  the  earth's  crust' and  its  gaseous  envelope;'' 
and  Professor  Huxley,  ''  that  protoplasm,  which  is  his  matter  of 
life,  can  originate  only  in  that  into*  which  it  dies,  the  elements 
CHO  and  N,  of  which  it  is  found  ta  consist.  Protoplasm  there- 
fore, he  says,  is  but  an  aggregate  of.  physical  materials."  Lastly, 
Professor  Hermann  of  Zurich  aphoristically  declares  that  "  the 
human  body,  like  that  of  every  other  animal,  is  an  organism  in 
which,  by  chemical  changes  of  its  constituent  parts,  potential  is 
converted  into  kinetic  energy." 

But  surely,  even  if  this  be  true,  the  change  must  take  place 
under  the  influence  of  some  force;  and  in  the  present  state  of  our 
knowledge  it  is  convenient  to  call  it  "  vitality,"  without  necessarily 
pledging  ourselves  to  regard  it  as  a  material  or  a  spiritual  essence. 
In  truth,  vitality  is  shewn  to  be  a  foitie  by  its  very  opposition  to  or 
modification  of  other  forces.  Thus  a  tree  grows  away  from  its 
roots  against  the  force  of  gravitation,  and  its  juices  receive  some 
things  from  the  soil,  while  they  reject  others.  An^d  its  leaves 
separate  and  detain  C  from  the  COj,  while  they  permit  the  O  to 
escape.  No  doubt  physical  laws  do  enter  i&to  the  explanation  of 
these  and  such  like  phenomena,  but  they  do*  not  explain  the  whole. 
There  is  in  all  such  actions  evidence  of  a  force  above  and  beyond  all 
physical  forces,  and  that  force  is  life. 

Another  proof  of  this  important  doctrine  is  that  chemical  and 
physical  forces,  while  they  are  sufficiently  potent  to  produce  certain 
combinations  of  inert  matter,  are  wholly  powerless  to  form — I  shall 
not  say  life — but  even  organic  substances.  In  the  words  of  Dumas, 
a  well-known  authority  in  modem  chemistry,  "  the  chemist  has 
never  manufactured  anything  which,  near  or  distant,  was  susceptible 
of  even  the  appearance  of  life.  Organised  matter  cannot  be  pror 
duced  by  chemistry;  heat  does  not  give  birth  to  it;  light  continues 
to  engender  it  (only)  under  the  influence  of  living  bodies." 

But  notwithstanding  the  above  assertion  of  Dumas,  that  heat 
does  not  give  birth  to  life,  this  is  one  of  the  favourite  dogmas  of  the 
physicist.  According  to  him,  the  heat  of  the  sun  is  the  source  and 
origin  of  all  vital  energy ;  and  certainly  the  heat  and  light  of  the 
^un  are  important  factors  in  the  building  up  of  plants,  which  are  tho 
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8torelioii8es  of  organic  matter  for  animals ;  but  this  transformatioB 
of  matter  in  the  plant  is  performed  by  the  living  bioplasm,  and  not 
hj  the  power  of  the  sun.  The  sun  does  not  deposit  sugar,  oil,  or 
starch  in  the  plant;  but  these  are  formed  out  of  its  bioplasm  under 
the  influence  of  the  sun's  rays. 

Again,  we  are  told  that  this  heat  of  the  sun,  once  it  is  communi- 
cated to  the  plant,  is  never  lost,  but  that  it  may  be  reproduced  by 
combustion  either  in  the  animal  body  or  in  a  common  fire.  "  Animals, 
like  machines,"  says  Helmholtz,  "  can  only  move  and  accomplish 
work  by  being  continuously  supplied  with  fuel — that  is  to  say,  food 
and  air  containing  O  ;  both  give  off  again  this  material  in  a  burnt 
state,  and  at  the  same  time  produce  heat  and  work." 

Now  all  this  is  quite  true  as  a  general  statement,  yet  it  is  also  true 
that  the  animal  body  differs  importantly  from  the  physical  machine, 
and  chiefly  in  two  particulars,' viz, : — Ist.  In  being  able  to  make  use 
of  the  food  or  fuel  presented  to  it.  The  mere  swallowing  of  food 
into  the  stomach,  which  is  equivalent  to  the  firing  of  an  engine,  is 
but  a  small  part  of  the  process.  Many  changes  must  be  wrought  in 
the  food  before  it  is  finally  capable  of  nourishing  the  living  matter ; 
this  matter  must  next  assimilate  it  to  its  own  substance,  and  then  be- 
come chapged  into  a  new  kind  of  matter  which  is  capable  of  produc- 
ing work.  2nd.  The  amount  of  fuel  supplied  is  not  by  any  means 
such  an  accurate  measure  of  the  work  done  by  the  animal  as  by  the 
machine.  In  the  former  the  work  may  be  less,  or  it  may  be  much 
more  than  the  heat  which  could  be  obtained  from  the  food  or  fuel  sup- 
plied  would  indicate  as  possible ;  because  the  work  of  an  animal  is 
regulated  to  a  great  extent  by  his  will,  and  at  all  times  by  the 
activity  of  certain  vital  processes  dependent  upon  his  personal  con- 
dition and  relative  circumstances.  What  then,  is  this  additional 
force  implied  in  such  a  power  of  variation  ?•  The  only  reasonable 
or  satisfactory  answer  is  that  it  is  vitality — the  innate  power  of 
bioplasm.  No  other  substance  possesses  anything  like  this  power. 
There  is  nothing  like  it  in  inanimate  matter,  which  is  regulated 
by  unvarying  laws,  and  is  incapable  of  those  changes  which  are 
characteristic  of  vital  energy.  It  is  in  the  performance  of  these 
changes  that  the  living  body  makes  use  of  fuel  and  evolves  heat, 
which,  therefore,  may  be  considered  rather  as  a  necessary  concomi- 
tant of  the  work  done  by  an  animal  than  as  its  cause. 

Undoubtedly  the  safest  conclusion  at  which  in  the  present  state 
of  science  we  can  arrive  upon  this  subject  is  that  vitality  is  a  force 
different  from  any  physical  or  chemical  force  ;  or,  in  the  words  of 
Professor  Kuss^  of  Strasburg,  "  Life  is  all  that  cannot  be  explained 
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by  chemistry  and  physics."  But  I  beg  still  further  to  remark,  that 
when  it  is  remembered  that  all  animal  bodies  are  made  up  of  matter 
which  is  only  in  part  living,  the  rest  being  really  dead,  it  is  obvious 
in  what  portions  of  the  body  the  one  or  the  other  kind  of  force  will 
act  Thus  the  interchange  of  gases  at  the  lungs  in  respiration  is 
governed  by  the  purely  physical  law  of  osmosis,  and  the  conversion 
of  starch  into  sugar  in  the  mouth  by  the  purely  chemical  action  of 
the  saliva;  but  how  will  any  one  explain,  according  to  either  chemical 
or  physical  law,  the  secretion  of  saliva  by  the  minute  bioplasts  of 
the  glands  or  the  movements  of  a  white  corpuscle  of  the  blood  1 
It  may  confidently  be  asserted  that  such  an  explanation  is  im- 
possible. The  power  of  the  cell  is  its  life,  and  it  is  in  virtue  of 
that  power  that  alL  its  transformations  take  place.  Hence  the 
physiology  of  the  present  day  is  the  science  of  living  cells,  for  by 
them,  more  or  less  directly,  are  performed  all  the  various  functions 
of  the  body. 

I  have  dwelt  at  some  length,  on  this  subject  because  of  its  own 
importance^  and  also  because  it  will  be  found,  to  affect  very  much 
our  judgment  of  many  other  subjects  whioh.  are  at  present  agitating 
the  philosophical  woi*ld.  Thus,  it  influences  our  view  of  the  theory 
of  evolution^  because  if  it  be  granted  that'  there  is  such  a  force 
as  vitality  presiding  in  all  living  organisms,  that  theory  is  rendered 
prima  facie  unlikely ;  whereas  if  there  is  no  such  force,  but  if  all 
the  forces  in  the  universe  are  purely  physical,  then  the  theory  has 
a  prima  fade  probability.  Hence  it  is  that  vitalists  generally 
discredit  the  evolution,  theory  of  the  origin  of  life,  and  maintain 
the  doctrine  o£  homogenesis  or  biogenesisi  as  it  is  often  called ; 
whereas  the  physicists  adopt  the  theory  in  its  fulLextent,  and.  believe 
in  heterogeny  or  abiogenesis. 

This  latter  is  only  the  old  doctrine  of  spontaneous  generation,  which 
has  beeur  revived  in  our  time  under  its.^  Greek  synonyme,  and  has 
engaged  the  attention  of  many  eminent  biologists,  such  as  Pouchet 
Bennett,  Bastian,  Sanderson,  and  others.  These  gentlemen  have 
made  very  numerous  and  apparently  conclusive  experiments  on 
liquids  of  various  kinds  and  in  various  circumstances,  in  order  to 
prove  the  evolution  of  microzymes  without  the  pre^existence  of 
living  germs.  On  the  other  hand,  Pasteur^  Lemaire,  Lister,  Tyndall, 
and  many  others  have  repeated  these^  experin^ents  with  very 
different  results  from,  those  obtained  by  their  authors^ — such  results^ 
indeed,  as  prove  that  in  no  case  da-  living  creatures  appear  iivthe 
fluids  except  when  their  germ»  could,  be  pr6ved  to*  hav^-  existed 
ihere  previously.    But  I  xveed  iM)t  dwell  upon,  that  part  of  th^ 
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subject  afberthe  interesting  paper  which  was  read  here  last  Session 
by  Dr.  Carmichael,  and  which  appears  in  your  Fraceedingt  for  the 
present  year. 

It  seems  to  me,  however,  net  only  amusing  but  a  fkct  often 
overlooked,  that  there  is  a  strange  division  in  the  camp  of  the 
heterogenists ;  for  the  late  Dr.  Bennett  maintained  that  many  of 
the  bacteria  supposed  to  be  alive  were  really  inanimate,  and  only 
subject  to  the  laws  of  molecular  motion.  He,  indeed,  ridiculed  the 
idea  of  their  being  alive,  and  explained  how  their  zig-zag  move- 
ments originated  in  two  of  the  small  rods  coming  together  at  an 
angle  with  an  impulse  which  of  course  moved  the  rod  impelled 
against  in  an  opposite  direction.  This  occurrence,  he  declared,  he 
had  actually  seen  on  several  occasions ;  but  it  is  evident  that  any 
number  of  such  aggregations  and  collisions  of  dead  matter  could  not 
throw  much  light  on  the  origin  -of  life. 

In  regard  to  the  whole  «f  iihis  controversy,  indeed,  one  is  con- 
stantly reminded  of  the  truth  of  the  proverb,  "  He  that  is  first 
in  his  own  cause  seemeth  J4ist,  but  his  neighbour  cometh  and 
searcheth  him."  There  is  nothing  in  the  whole  range  of  science 
so  conflicting  >as  the  experimental  evidence  regarding  biogenesis. 
The  experiments  of  Pouchet,  for  instance,  seem  all  that  could  be 
desired  for  accuracy  and  conclusiveness ;  but  when  repeated  by 
Pasteur,  they  turn  out  to  quite  opposite  results.  Professor  Tyndall 
was,  therefore,  uttering  a  most  needful  warning  when  in  his  recent 
lecture  he  told  his  tiudience  to  be  -careful  in  accepting  experimental 
evidence.  In  truth,  it  ought  never  to  be  received  except  after 
repetition ;  and  this  implies  experimental  skill  and  opportunity, 
such  as  can  only  be  possessed  by  a  few.  A  theory  may  be  judged 
of  by  the  strength  -and  number  of  the  facts  on  which  it  is  founded, 
an  hypothesis  by  its  inherent  probability  and  the  adequacy  of  the 
explanation  ituffords.;  but  an  experiment  or  a  set  of  experiments 
can  only  be  judged  of  by  their  repetition  and  variation.  Hence 
caution  tend  even  scepticism  are  in  this  case  the  rules  of  wisdom 
and  our  only  guides  to  a  safe  and  true  conclusion  in  the  end. 

The  germ-theory,  as  it  is  called,  is  but  one  aspect  of  this  doctrine 
of  biogenesis.;  and  owing  to  its  great  interest  and  importance  it 
has  been  much  dwelt  on  by  modern  physiologists  and  scientific 
surgeons.  Some  parts  of  this  theory  seem  to  be  satisfactorily 
proved,  while  others  are  as  yet  unsupported  by  sufficient  evidence. 
Thus  though  there  is  good  ground  for  believing  that  all  living 
beings  spring  from  germs  peculiar  to  their  own  species,  and  that 
the  lowest  orders  of  beings,  such  as  bacteria,  ibrm  no  exception  ta 
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the  rule,  but  are  also  generated  from  germs  which  are  invisible 
to  the  naked  eye,  and  which  may  therefore  float  unseen  by  us 
in  the  air;  yet  it  is  by  no  means  proved  that  such  germs  are 
everywhere  and  at  all  times  present  there.  Nor  is  it  proved 
that  these  germs,  or  rather  their  growth  and  multiplication,  is 
the  cause,  or  at  all  events  the  sole  cause  of  all  kinds  of  fermenta- 
tion. Indeed,  according  to  Pasteur  and  his  disciple  Lemaire,  such 
ia  far  from  being  the  case,  since  they  were  able  to  produce 
fermentation  from  dead  matter.  This,  however,  might  be  dis- 
puted by  some  ;  but  surely  no  one  will  maintain  that  putrefaction 
and  fermentation  are  proved  to  be  identical,  or  that  the  presence 
of  low  organic  forms  in  the  putrid  matter  is  the  cause  of  its  decay. 
It  is  &r  more  likely  that  the  putrid  substance  affords  a  nidus  so 
favourable  to  the  life  of  atmospheric  germs  that  they  always  develop 
abundantly  in  it,  and  by  so  doing  assist  greatly  in  its  disintegration 
into  its  idtimate  elements. 

So,  also,  when  we  come  to  the  application  of  this  theory  to  the 
practice  of  medicine  and  surgery,  we  find  oarselves  surrounded 
by  difficulties  which  no  one  who  understands  the  subject  wUl 
be  inclined  to  undervalue  or  to  dogmatise  upon.  While,  however, 
I  say  this  much  regarding  the  theory,  I  would  not  be  supposed 
to  estimate  lightly  the  benefits  which  have  accrued  to  us  from 
the  practice  of  the  antiseptic  system  in  surgery.  On  the  contrary, 
I  have  always  great  pleasure  in  bearing  my  humble  testimony  to 
the  reality  of  these  benefits,  wkich^  indeed,  I  have  occasion  to 
observe  every  day  both  in  hospital  and  in  private  practice ;  but 
at  the  same  time,  I  confess  I  have  never  been  able  to  agree  with 
Mr.  Lister  as  to  his  theory  of  antisepticism,  because  that  is  founded 
on  two  unproved  statements — viz.,  that  the  growth  of  atmospheric 
germs  is  the  cause  of  fermentation,  and  that  fermentation  is  identi- 
cal with  putrefaction.  The  practice  of  antisepticism  has  proved 
to  me  that  it  accomplishes  for  our  patients  far  more  than  the 
prevention  of  putrefaction  ;  for,  in  great  measure,  it  hinders  sup- 
puration, and  favours  the  healing  of  wounds. 

But  I  dare  not  dwell  on  this  subject  lest  I  should  become  too 
professional.  I  must  say,  however,  that  I  should  be  glad  to  hear  a 
discussion  of  the  scientific  paints  inv-olved  in  this  question,  and  can 
conceive  of  no  more  appropriate  work  for  the  members  of  our  new 
Section.  Nor  is  this  the  only  branch  of  the  germ  theory  which 
demands  their  attention.  There  is  also  open  to  them  that  wide 
field  of  research  which  relates  to  the  generation  and  propagation  of 
Xke  morbid  poisons,  as  well  as  to  their  effects  on  the  animal  body. 
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The  subject  of  disease-germs  is,  indeed,  as  yet  in  its  infancy ;  but  it 
is  fraught  at  once  with  great  scientific  interest  and  with  enormous 
practical  utility.  I  believe  that  the  existence  of  these  germs  will 
ere  long  be  fully  established,  and  I  hope  we  may  look  forward  to  a 
time  when  their  natural  history  will  be  traced  out  in  such  a  way 
as  will  enable  us  to  counteract  many  of  their  baneful  influences, 
and  perhaps  even  to  extirpate  some  of  them  altogether. 

And  this  leads  me  to  observe  that  there  are  always  before  us 
these  two  great  divisions  or  methods  of  studying  biology;  one  in  its 
purely  scientific  aspect,  and  the  other  in  its  application  to  the  ex- 
planation and  treatment  of  disease.  The  latter  is  the  way  in  which 
physiology  is  regarded  by  the  medical  profession,  and  in  which  it 
constitutes  the  very  foundation  of  the  healing  art.  The  former  is 
the  manner  in  which  it  is  considered  by  most  amateur  students,  and 
in  which  it  is  pursued  by  many  who  are  popular  authorities  on  the 
subject  in  our  day. 

It  may  be  that  I  overestimate  the  importance  of  the  medical 
aspect  of  biology;  but  certainly  I  do  think  that  if  the  question 
were  to  be  decided  by  the  value  of  results  obtained,  or  by  the 
history  of  those  who  have  contributed  most  to  the  progress  of  the 
science,  I  believe  that  importance  would  be  readily  conceded,  and 
the  palm  of  excellence  in  the  science  awarded  to  those  who  have 
not  only  studied  biology  as  a  science,  but  who  have  also  applied  it 
to  the  improvement  of  medicine  and  surgery. 

But,  passing  this  for  the  present,  I  proceed  next  to  take  some 
notice  of  another  branch  of  the  evolution  theory  whidi  is  very 
interesting  to  us  all,  and  which  relates  to  the  origin  of  species.  It 
is  with  this  subject,  as  you  all  know,  that  the  name  of  Mr.  Darwin 
is  especially  connected.  Now  whether  this  theory,  or  rather  this 
hypothesis^ for  it  is  really  not  entitled  to  rank  higher — be  ultimately 
proved  to  be  correct  or  not;  whether  it  be  proved  or  disproved, 
as  a  modem  writer  has  expressed  it,  that ''  all  mammals  are  derived 
from  one  marsupial,  all  vertebrates  from  a  primitive  lancelet,  and 
all  plants  and  animals  from  the  slimy  prot<^lasm  of  a  protiston," 
there  can  be  no  question  at  all  about  the  benefits  which  the  very 
discussion  of  this  hypothesis  has  already  conferred  on  biological 
science.  We  have  not  only  to  point  in  confirmation  of  this  remark 
to  the  mass  of  facts  collected  by  Mr.  Darwin  and  Mr.  Wallace,  as 
well  as  by  their  coadjutors,  but  likewise  to  the  fresh  stimulus 
thereby  given  to  whole  branches  of  scientific  investigation.  Has 
not  this  discussion  given  a  new  interest  to  the  labours  of  the 
palceontologist  1    Has  not  the  study  of  the  homologies  which  exist 
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between  man  and  the  lower  animals  thus  reeeived  a  fresh  impulse  1 
Has  not  morphology  risen  to  unexpected  importance,  and  along 
with  embryology  extended  itself  almost  to  the  dimensions  of  an 
entirely  new  science  1  Lastly,  and  especially  with  reference  to 
man's  place  in  Nature,  the  science  of  psychology  claims  an  essential 
and  most  interesting  place  in  regard  to  the  evidence  to  be  adduced 
on  the  subjects 

I  believe  that  the  recent  experiments  of  Hetzig,  Ferrier,  and 
others  regarding  localised  centres  in  the  cerebral  convolutions, 
while  very  interesting  in  themselves,  as  pointing  to  the  sources  of 
certain  co-ordinated  movements,  cannot  be  regarded  as  evidence  of 
corporeal  organs  for  mental  processes,  and  therefore  do  not  con- 
firm the  old  argument  of  progressive  perfection  of  the  bodily  organ, 
accounting  for  the  increased  |>ower  of  mind  in  ^e  higher  animals 
and  in  man  himself  Nevertheless,  I  am  firmly  convinced  that 
psychological  considerations  are  most  important  to  be  borne  in 
mind  in  reference  to  man's  rank  among  animals.;  for  though 
geology  may  prove  his  existenee  on  the  earth  for  a  much  longer 
period  than  has  usually  been  supposed,  yet  it  can  never  produce 
evidence  which  will  degrade  him  from  his  intellectual  superiority. 
In  truth,  it  has  not  even  supplied  links  of  gradation  whieh  can  be 
supposed  to  connect  him,  in  his  bodily  structure,  with  that  of  any 
other  species — as  with  the  apes,  for  example.  More  and  more,  as 
time  advances,  wiU  the  words  of  the  late  Professor  Agassiz  be 
proved  true,  that  **  there  is  nothing  like  parental  descent  connecting 
the  species.  The  fishes  of  the  palaeozoic  age  are  in  n»  respect  the 
ancestors  of  the  reptiles  of  the  secondary  age,  nor  does  man  descend 
from  the  mammals  which  preceded  him  in  the  tertiary  age.  The 
link  by  which  they  are  connected  is  of  a  higher  and  immaterial 
nature;  and  their  connection  is  to  be  sought  in  the  view  of  the 
Creator  himself,  whose  aim  in  forming  the  earth,  in  allowing  it  to 
undergo  the  successive  changes,  which  geology  has  pointed  out,  and 
in  creating  successively  all  the  different  types  of  animals  which 
have  passed  away,  was  to  introduce  man  upon  the  surface  of  the 
globe.  Man  is  the  end  towards  which  all  the  animal  creation  has 
tended  from  the  first  appeai*an£e  of  the  first  palaeozoic  fishes." 

I  am  glad  to  be  able  to  make  this  quotation  from  the  writings  of 
one  who  devoted  his  life  to  the  study  of  zoology  and  palaeontology, 
and  wha  was  therefore  entitled  to  speak  with  authority  upon  the 
subject.  It  would  be  well  if  we  imitated  his,  cautious  example,  and 
abstained  frorn  rapid  and  unwarranted  theorising  upon  so  difficult 
ft  subject.     Mr.  Darwin  himself  has  likewise  given  us  an  admirable 
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example  in  this  respect,  for  lie  has  been  very  careful  and  even  sloir 
in  coming  to  his  conclusions.  Indeed  he  is  charged  by  many  of  his 
own  followers  with  not  being  nearly  fast  enough  for  them,  and  with 
being  unwilling  to  carry  out  his  hypothesis  to  what  they  consider 
its  legitimate  results.  These  are  the  men  of  what  is  usually  termed 
''  modern  thought,"  with  wliom  the  first  thing  is  novelty,  and  the 
next  thing  is  heterodoxy^  for  even  a  new  idea  has  not  sufficient 
zest  far  them  unless  it  contradicts  or  uproots  some  item  of  previously 
received  doctrine.  If  this  doctrine  be  a  scientific  one,  good  and 
well,  b«t  fWr  better  if  it  concerns  religious  belief— of  all  things  that 
must  be  trampled  on.  We  are  told  that  we  must  get  rid  of  all 
these  so-called  early  notions  tind  old-world  prejudices.  Now,  I  for 
one  protest  against  all  such  statements  as  both  unscientific  and 
unphilosophical,  and  I  maintain  that  this  destructiveness  in  science, 
as  in  society,  is  most  imhealthy  and  most  hurtful.  If  we  onoe 
forsake  the  slow  but  safe  process  of  the  inductive  method,  science 
will  become  another  name  for  fancy ;  and  its  leading  will  infallibly 
be  into  error,  the  importance  of  which  i^ill  only  be  measured  by 
that  of  the  subject  concerned.  Few  things  are  more  intolerable  in 
one  sense  or  more  amusing  in  another  than  the  sweeping,  but  quite 
unsupported  statements  of  some  reputed  scientists.  Take,  for 
instance,  the  following  from  the  writings  of  Haekel: — "Attraction 
and  repulsion,  centripetal  force  and  centrifugal  force,  condensation 
and  rarefaction  of  the  material  particles,  are  the  only  creative 
powers  which  laid  the  foundations  of  the  complicated  structure  of 
creation ;"  or  the  following,  from  Oken*s  physiophilosophy: — "  There 
is  no -other  vital  force  than  the  galvanic  polarity.  A  galvanic  pile 
pounded  into  atoms  must  become  alive.  In  this  manner  Nature 
brings  'forth  organic  bodies."  And  let  no  one  suppose  that  these 
are  rare  and  carefully  selected  passages.  They  are,  in  fact,  of  a 
piece  with  many  others  that  might  be  quoted,  and  are  very  charac- 
teristic of  the  school  of  biology  which  is  fashionable  at  present. 
This,  indeed,  is  my  reason  for  bringing  it  so  plainly  before  your 
notice  to-night,  in  order  that  you  may  consider  it,  and,  I  venture  to 
hope,  condemn  it  as  an  erroneous  interpretation  of  the  facts  of  the 
case.  I  trust  you  will  i*ather  adopt,  as  a  better  and  wiser  conclusion, 
the  opinion  of  Sir  Wm.  Grove,  who,  when  writing  on  the  correlation 
of  the  forces,  tells  us  that  ^'  we  are  totally  unacquainted  with  the 
ultimate  generating  power  of  each  and  all  of  them,  and  must 
humbly  refer  their  causation  to  one  omnipresent  influence,  content- 
ing ourselves  with  studying  their  effects  and  developing  by  experi- 
ment their  mutual  relations." 
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Then,  I  think  it  important  to  remind  you  of  the  ofl-proved  fact, 
**  that  all  that  is  new  is  not  true,  and  all  that  is  true  is  not  new." 
Kor  could  I  find  a  more  apt  illustration  of  this  truth  in  the  whole 
history  of  science  than  can  be  supplied  from  the  contributions  to 
biology  which  are  to  be  found  in  the  Proceedings  of  this  same 
Philosophical  Society.  For  though  our  Section  is  but  of  recent 
date,  the  subject  itself  is  an  old  one,  and  attracted  some  little 
attention  even  in  the  days  of  yore.  I  find  that  in  1845,  i,e,,  thirty- 
one  years  ago.  Dr.  Andrew  Buchanan  read  a  paper  here,  in  which 
he  related  his  discovery  of  the  two  elements  of  fibrin.  He  described 
his  experiments  with  serum  and  hydrocele  fluid,  and  also  with 
washed  clot,  muscle,  and  some  other  substances,  from  which  he 
came  to  the  conclusion  that  fibrin  was  formed  only  in  the  act  of 
coagulation  of  the  blood,  and  that  the  chief  agent  in  the  accomplish- 
ment of  this  act  was  contained  in  the  white  blood  corpuscles.  I 
do  not  know  how  it  happened,  but  certain  it  is,  that  this  discovery 
lay  unnoticed  for  twenty-four  years  buried  in  your  Proceedings, 
until  in  1861  the  same  fact  was  re-discovered  by  Alexandre  Schmidt, 
of  Dorpat,  and  published  by  him  in  Du  Bois  Raymonds'  Archiv  fur 
Physiologie,  Since  then  it  has  become  the  accredited  doctrine  of 
physiology;  but  its  Glasgow  author  gets  oidy  tardy  and  partial 
justice. 

Many  other  examples  miglrt  be  given  of  similar  forgetfulness  of 
the  labours  and  discoveries  of  those  who  have  gone  before  us  in  the 
paths  of  science — a  forgetfulness  to  be  regretted,  not  only  as  an  in- 
justice to  individuals,  but  as  a  danger  to  science;  because  it  renders 
necessary  a  second  discovery  of  the  same  truth. 

I  hope  it  will  be  part  of  the  business  of  the  Biological  Section  to 
secure  a  proper  publicity  for  important  and  original  communica- 
tions, and  to  defend  the  rights  ef  their  authors.  Of  late  years  two 
very  remarkable  attempts  have  been  made  to  wrest  from  British 
biologists  the  laurels  which  most  of  us  ^thought  would  be  allowed 
to  remain  on  their  venerated  brows  throughout  all  time.  The  one 
attempt  has  been  made  by  the  French,  who  have  claimed  for 
Magendie  the  glory  undoubtedly  due  to  Sir  Charles  Bell  for  his 
great  discovery  of  the  functions  of  the  spinal  nerves,  a  discovery 
which  has  revolutionised  the  whole  of  that  part  of  physiology. 
The  other  is  a  renewal  of  the  attempt  by  the  Italians  to  claim 
for  Csesalpinus  the  discovery  of  the  circulation  of  the  blood;  though 
it  has  been  fully  proved  that  he  was  only  one  of  several  physio- 
logists who  before  Harvey's  time  had  dimly  foreshadowed  some 
partial  suspicions  of  the  great  truth  which  it  was  reserved  for  the 
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example  in  this  respect,  for  he  has  been  very  careful  and  even  slow 
in  coming  to  his  conclusions.  Indeed  he  is  charged  by  many  of  his 
own  followers  with  not  being  nearly  fast  enough  for  them,  and  with 
being  unwilling  to  carry  out  his  hypothesis  to  what  they  consider 
its  legitimate  results.  These  are  the  men  of  what  is  usually  termed 
"  modern  thought,"  with  wlhom  the  first  thing  is  novelty,  and  the 
next  thing  is  heterodoxy;  fbr  even  a  new  idea  has  not  sufficient 
zest  far  them  unless  it  contradicts  or  uproots  some  item  of  previously 
received  doctrine.  If  this  doctrine  be  a  scientific  one,  good  and 
well,  \mt  far  better  if  it  concerns  religious  belief — of  all  things  that 
must  be  trampled  on.  We  are  told  that  we  must  get  rid  of  all 
these  so-called  early  notions  tind  old-world  prejudices.  Now,  I  for 
one  protest  against  all  such  statements  as  both  unscientific  and 
unphilosophical,  and  I  maintain  that  this  destructiveness  in  science, 
as  in  society,  is  most  unhealthy  and  most  hurtful.  If  we  once 
forsake  the  slow  but  safe  process  of  the  inductive  method,  science 
will  become  another  name  for  fancy ;  and  its  leading  will  infallibly 
be  into  error,  the  importance  of  which  i^ill  only  be  measured  by 
that  of  the  subject  concerned.  Few  things  are  more  intolerable  in 
one  sense  or  more  amusing  in  another  than  the  sweeping,  but  quite 
unsupported  statements  of  some  reputed  scientists.  Take,  for 
instance,  the  following  from  the  writings  of  Haekel: — "Attraction 
and  repulsion,  centripetal  force  and  centrifugal  force,  condensation 
and  rarefaction  of  the  material  particles,  are  the  only  creative 
powers  which  laid  the  foundations  of  the  complicated  structure  of 
creation ;"  or  the  following,  from  Oken's  physio  philosophy: — "  There 
is  no -other  vital  force  than  the  galvanic  polarity.  A  galvanic  pile 
pounded  into  atoms  must  become  alive.  In  this  manner  Nature 
brings  ^forth  organic  bodies."  And  let  no  one  suppose  that  these 
are  rare  and  carefully  selected  passages.  They  are,  in  fact,  of  a 
piece  with  many  others  that  might  be  quoted,  and  are  very  charac- 
teristic of  the  school  of  biology  which  is  fashionable  at  present. 
This,  indeed,  is  my  reason  for  bringing  it  so  plainly  before  your 
notice  to-night,  in  order  that  you  may  consider  it,  and,  I  venture  to 
hope,  condemn  it  as  an  erroneous  interpretation  of  the  facts  of  the 
case.  I  trust  you  will  rather  adopt,  as  a  better  and  wiser  conclusion, 
the  opinion  of  Sir  Wm.  Grove,  who,  when  writing  on  the  correlation 
of  the  forces,  tells  us  that  "  we  are  totally  unacquainted  with  the 
ultimate  generating  power  of  each  and  all  of  them,  and  must 
humbly  refer  their  causation  to  one  omnipresent  influence,  content- 
ing ourselves  with  studying  their  efiects  and  developing  by  experi- 
ment their  mutual  relations." 
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Then,  I  think  it  important  to  remind  you  of  the  oft-proved  feet, 
**  that  all  that  is  new  is  not  true,  and  all  that  is  true  is  not  new." 
Kor  could  I  find  a  more  apt  illustration  of  this  truth  in  the  whole 
history  of  science  than  can  be  supplied  from  the  contributions  to 
biology  which  are  to  be  found  in  the  Proceedings  o£  this  same 
Philosophical  Society.  For  though  our  Section  is  but  of  recent 
date,  the  subject  itself  is  an  old  one,  and  attracted  some  little 
attention  even  in  the  days  of  yore.  I  find  that  in  1845,  i.e.,  thirty- 
one  years  ago,  Dr.  Andrew  Buchanan  read  a  paper  here,  in  which 
he  related  his  discovery  of  the  two  elements  of  fibrin.  He  described 
his  experiments  with  serum  and  hydroeele  fluid,  and  also  with 
washed  clot,  muscle,  and  some  other  substances,  from  which  he 
came  to  the  conclusion  that  fibrin  was  formed  only  in  the  act  of 
coagulation  of  the  blood,  and  that  the  chief  agent  in  the  accomplish- 
ment of  this  act  was  contained  in  the  white  blood  corpuscles.  I 
do  not  know  how  it  happened,  but  certain  it  is,  that  this  discovery 
lay  unnoticed  for  twenty-four  years  buried  in  your  Proceedings^ 
until  in  1861  the  same  fact  was  re-discovered 'by  Alexandre  Schmidt, 
of  Dorpat,  and  published  by  him  in  Du  Bois  Raymonds'  Archiv  fur 
Physiologie,  Since  then  it  has  become  the  accredited  doctrine  of 
physiology;  but  its  Glasgow  author  gets  only  tardy  and  partial 
justice. 

Many  other  examples  mig^  be  given  of  similar  forgetfulness  •of 
the  labours  and  discoveries  of  those  who  have  gone  before  us  in  the 
paths  of  science — a  forgetfulness  to  be  regretted,  not  only  as  an  in- 
justice to  individuals,  but  as  a  danger  to  science;  because  it  renders 
necessary  a  second  discovery  of  i^he  same  truth. 

I  hope  it  will  be  part  of  the  business  of  the  Biological  Section  to 
secure  a  proper  publicity  for  important  and  original  communica- 
tions, and  to  defend  the  rights  ef  their  authors.  Of  late  years  two 
very  remarkable  attempts  have  been  made  to  wrest  from  British 
biologists  the  laurels  which  most  of  us  ^thought  woukl  be  allowed 
to  remain  on  their  venerated  brows  throughout  all  time.  The  one 
attempt  has  been  made  by  the  French,  who  have  claimed  for 
Magendie  the  glory  undoubtedly  due  to  Sir  Charles  Bell  for  his 
great  discovery  of  the  functions  of  the  spinal  nerves,  a  discovery 
which  has  revolutionised  the  whole  of  that  part  of  physiology. 
The  other  is  a  renewal  of  the  attempt  by  the  Italians  to  claim 
for  Csesalpinus  the  discovery  of  the  circulation  of  the  blood;  though 
it  has  been  fully  proved  that  he  was  only  one  of  several  physio- 
logists who  before  Harvey's  time  had  dimly  foreshadowed  some 
partial  suspicions  of  the  great  truth  which  it  was  reserved  for  the 
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Englishman  patiently  to  work  out,  and  finally  to  give  forth  to  the 
world — a  splendid  legacy  to  science  and  to  mankind. 

I  think  it  an  evil  of  no  small  magnitude  in  our  day  that  the 
writings  of  these  and  other  great  original  thinkers  of  the  past  are 
now  so  little  studied,  that  students  for  the  most  part  content 
themselves  with  the  current  literature  in  biology,  as  in  some  other 
sciences,  and  even  trust  to  manuals  for  their  knowledge ;  though  it 
is  confessed  that  these  works  are  too  often  ''  the  offspring  as  well 
as  the  parents  of  mediocrity."  A  deeper  respect  for  the  wisdom  of 
the  ancients,  and  a  more  careful  study  of  their  writings,  would 
form  an  admirable  antidote  to  that  restlessness  or  fastness,  as  it  is 
called^  which  even  in  the  sober  domain  of  science  is  characteristic 
of  the  day  we  live  in ;  and  would  conduce  more  to  breadth  and 
solidity  of  view,  to  real  advance  in  the  attainment  of  truth,  than 
the  most  brilliant  hypothesis  that  ever  emanated  from  the  much- 
lauded  use  of  the  imagination  in  science.  We  cannot  all  be  dis- 
coverers of  new  truths.  In  the  nature  of  things^  such  can  only  be 
the  lot  of  a  few;  but  we  can  all  hope  to  accomfilish  good  and  useful 
work  by  taking  up  almost  any  biological  subject,  and  eliminating 
from  it  all  hypothetical  explanations  and  all  doubtful  or  dis- 
proved statements —  for  these  are  sometimes '  long  of  being  dis- 
carded— so  that  we  may  perceive  distinctly  what  remains  to  ns 
of  solid  fact.  For  even  if  this  should  demonstrate  our  almost 
utter  ignorance  regarding  things  supposed  to  have  been  suffi- 
ciently known  before,  yet  it  will  not  only  establish  what  is 
reliable^  but  will  constitnte  the  best  and  safest  platform  from 
which  to  Hse  to  a  more  perfect  understanding  of  the  subject.  And 
even  if  one  can  advance  no  farther  than  his  predecessors, — if  he  has 
no  additional  fact  to  communicate, — still  such  a  critical  estimation 
of  our  knowledge  on  the  subject  in  hand  ought  not  in  faixness  to 
expose  its  author  to  the  too  bitter  sneer,  lately  uttered  in  another 
place,  against  those  who  were  supposed  to  '' retail'stock  ideas  and 
old  traditions."  In  so  far  as  this  was  levelled  at  any  votary  of 
biology,  I  must  declare  that  it  only  shewed  ignorance  of  the  vast 
exteibt  of  that  science ;  for  not  the  greatest  genius  or  most  indus- 
trioua  experimenter  that  ever  lived, — not  a  John  Hunter  or  a 
Charles  Bell,  not  a  Magendie  or  a  Claude  Bernard,  not  a  Ludvig 
or  a  Helmholtz — could  hope  to  cultivate  wi^bh  originality  more  than 
some  small  corner  of  this  field  of  investigation.  For  the  i*est  he 
must  be  indebted  to  the  laboui*s  of  others  ;  but  after  all,,  the  truest 
and  best  kind  of  originality  is  that  which  is  led  up  to  by  such  a 
careful  induction  of  previously  ascertained  truths  as  I  have  been 
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recommending  yon  to  undertake.  For  instance,  to  have  made  the 
first  injection  of  some  new  chemical  compound  into  the  vein  of  a 
dog  or  a  rabbit,  and  to  have  found  that  it  kills  him  in  this  or  that 
way,  is  of  itself  an  originality  not  greatly  to  be  desired  ;  but  if  by 
diligent  study  of  what  others  had  found  and  discovered  before,  one 
narrows  the  question  of  the  effect  of  any  substance  on  the  animal 
body  to  certain  doubtful  points,  and  then  endeavours  to  settle  these 
by  a  few  crucial  experiments,  he  may  have  justly  earned  for  himself 
a  place  among  original  investigators,  and  added  something  of  impor- 
tance  to  the  common  stock  of  human  knowledge 

By  commuications  of  this  kind  the  members  of  our  new  Section 
will  abundantly  fulfil  the  good  expectations  now  entertained  of 
them ;  and  perhaps  it  is  not  too  sanguine  to  hope  that  some  of  them 
may  be  able  to  pass  on  a  stage  or  two  in  advance  of  their  fellow^ 
travellers  on  the  long  and  difficult  road  of  biological  research. 
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XXVTI. — Experiments  on  the  Maximum  Elasticity  and  Density  of 

Vapours.    By  Alex.  Mortok,  Esq. 


[Read  before  the  Society,  Deoember  13,  1876.] 


From  the  experiments  of  M.  V.  Eegnault  on  the  elasticity  of 
vapours,  *  we  learn  that  generally  the  more  volatile  the  liquid,  the 
more  rapidly  does  the  elasticity  of  its  vapour  increase  with  heat. 
He  has  shewn  us  that  there  are  some  vapours  which  do  not  continue 
so  related,  even  within  the  range  of  his  experiments,  hence  my  use 
of  the  word  "  generally ; "  for  instance,  absolute  alcohol  and  chloro- 
form, although  the  one  is  considerably  more  volatile  than  the 
other,  at  about  302°  Fahr.,  by  the  mercurial  thermometer,  they 
become  exactly  of  the  same  elasticity;  below  that  temperature  the 
vapour  of  chloroform  is  greatest,  therefore  they  may  be  said  to 
cross  each  other  at  that  point;  but  so  far  as  his  observations  went, 
these  vapours  and  that  of  bisulphide  of  carbon  never  appeared  to 
approach,  but  rather  departed  from  that  of  distilled  water  (steam), 
even  at  his  highest  temperatures.  These  curves  are  represented  on 
drawing  No.  2 ;  the  temperatures  are  measured  horizontally,  and 
the  elasticities  vertically  from  Regnault's  tables  in  his  Menioires  I 
have  referred  to.  Certain  considerations  led  me  to  think  that 
these  vapours  would  approach  and  cross  distilled  water  at  tempera* 
tures  within  the  range  of  experiment;  and  although  it  would  not  be 
difficult  to  construct  vessels  strong  enough  to  withstand  the  great 
pressure  they  would  be  subjected  to,  still,  to  find  a  gauge  which 
would  register  these  pressures  with  any  degree  of  accuracy  would 
be  next  to  impossible.  I  am  aware  that  Dr.  Andrews  has  said  in  a 
recent  paper  to  the  Royal  Society,  t  that  he  has  discovered  a 
reliable  gauge ;  but  my  chief  object  was  to  learn  if  at  any  tempera- 
ture they  would  become  of  the  same  elasticity,  irrespective  of  what 
that  elasticity  might  be,  and  accordingly  made  use  of  (J  tubes,  as 
shown  by  figs.  1  and  2,  drawing  No.  1.  The  lower  portion  of  these 
tubes,  and  so  far  up  each  limb,  is  filled  with  dry  mercury.  In  the 
spaces  above  the  mercury  each  end  contains  about  fully  one-third 
of  the  respective  liquids  to  be  experimented  with.     The  ends  of 
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the  U  tube  having  been  hermeticailj  sealed  cold,  air  occupies  the 
spaces  above  the  liquids.  The  apparatus  is  now  ready  for  experi- 
ment ;  and  to  perform  it  so  that  I  should  observe  what  took  place 
in  the  time  of  heating,  I  constructed  a  hot-air  bath  A,  fig.  3.  This 
bath  A,  made  of  brass,  was  suspended  from  an  ordinary  stand 
within  a  common  gas  globe,  which  acted  as  a  hot-air  casing  for  it. 
The  upper  end  of  this  bath  A  consists  of  a  small  glass  casing 
B,  through  which  every  change  was  easily  noted  as  the  experi- 
mental tubes  were  hung  by  fine  wires  to  the  cover  C,  so  that  they 
were  constantly  within  my  view.  I  used  two  mercurial  thermo- 
meters, graduated  to  600"  Fahr.  The  lower  one  hangs  within  a 
slotted  brass  tube  for  protection,  and  was  only  used  when  testing 
the  tubes  on  first  heatiug  them;  the  upper  one  is  naked,  and  so 
adjusted  between  the  limbs  of  a  (J  tube  containing  alcohol  and 
chloroform,  that  the  mercury  stands  level  at  302*^  Fahr.,  which 
is  the  known  crossing  point  of  these  two  vapours,  and  the 
figures  in  this  paper  are  from  the  readings  of  this  naked  thermo- 
meter so  adjusted. 

With  a  U  tube  containing  distilled  water  in  one  end  and  chloro- 
form in  the  other  end,  suspended  iu  the  bath,  as  the  heat  increases 
the  chloroform  evaporates,  and  compresses  the  distilled  water  up 
into  its  own  end,  as  represented  by  fig.  2.  The  air  in  that  end  very 
shortly  becomes  so  reduced  in  bulk  as  to  be  imperceptible. 

On  continuing  to  raise  the  temperature,  the  chloroform  at  times 
suddenly  attains  the  '' Cagniard  de  la  Tour"  state;  but  this  does 
not  effect  the  expei*iment,  as  the  distilled  water  begins  to  evaporate 
so  soon  as  a  certain  temperature  is  reached,  and  the  elasticity  of  its 
vapour  compresses  the  chloroform  vapour  up  into  its  own  end, 
exactly  as  the  water  had  been  at  the  lower  temperatures.     The 
chloroform  is  now  liquid,  so  far  as  that  term  expresses  its  state ;  it 
has  therefore  been  converted  from  vapour  into  liquid  by  compres- 
sion.    To  ascertain  if  it  be  liquid,  lower  the  temperature  below  the 
crossing  point,  and  you  will  observe  it  begin  to  evaporate  exactly 
as  it  did  on  first  heating.    By  adjusting  the  gas  fiame  you  can  catch 
and  maintain  the  mercury  exactly  level  in  both  limbs ;  and  I  find 
after  repeated   experiments,  that  that  temperature  is  about  497° 
Fahr.,  and  this  point  changes    but  little,  if  any,   although    you 
double  the  quantity  of  chloroform.     This  is  a  simple  and  beautiful 
experiment — simple,  because  it  is  easy  to  get  a  bent  glass  tube  to 
withstand  the  moderate  pressure,  and  you  can  with  perfect  freedom 
examine  every  change  with  an  unscreened  face ;  beautiful,  because 
it  shews  clearly  a  liquid's  conversion  into  vapour,  and  afterwards 


238  Philosophical  Soddy  oj  Glasgow. 

its  compression  into  a  liquid  again  imperceptibly,  not  even  a  cloud 
or  mist  to  herald  the  change,  nor  the  faintest  trace  of  demarcation. 
With  another  similar  (J  tube  containing  alcohol  absolute  and 
distilled  water,  I  have  found  that  the  crossing  temperature  is  a 
little  above  that  of  melting  lead,  but  still  far  short  of  that  of  melt- 
ing zinc.  This  is  a  very  difScult  experiment,  and  many  of  the 
tubes  have  burst  with  great  violence  after  the  lead  melted. 

With  another  similar  (J  tube  containing  bisulphide  of  carbon 
and  distilled  water,  I  find  that  the  crossing  tempei*ature  is  about 
540**  Fahr.  The  three  liquids — pure  chloroform,' absolute  alcohol, 
and  bisuljjhide  of  carbon — have  all  reached  the  "  Cagniard  do  la 
Tour"  state  below  the  crossing  temperature,  and  before  the 
elasticity  of  tlistilled  water  has  become  equal  with  that  from  their 
vapours  at  the  same  temperature;  but  chloroform  and  alcohol  be- 
come of  an  equal  elasticity,  and  cross  each  other,  as  we  know,  at 
302°  Fahr. ;  therefore  neither  have  changed,  as  both  ends  of 
the  tube  contain  the  boiling  liquids  with  the  mercury  level.  I  find 
bisulphide  of  carbon  and  alcohol  behave  in  the  same  manner,  and 
that  the  crossing  temperature  for  these  vapours  is  about  360^ 
Fahr.  With  the  (J  tube  containing  chloroform  and  distilled 
water  in  place,  on  continuing  the  heat  up  to  and  a  little  above  that 
of  melting  lead,  I  find  the  elasticity  of  the  vapour  of  water  is  so 
great  as  to  compress  the  chloroform  into  certainly  less  than  one 
and  a  half  times  its  original  volume,  although  before  the  change  it 
had  become  about  twice  its  bulk.  I  may  here  explain  that  the 
reason  why  I  preferred  the  U  tubes  sealed  cold,  containing  air  in 
the  spaces,  to  those  sealed  when  the  liquids  within  them  were 
thoroughly  boiling,  is  simply  because  the  latter  required  greater  dif- 
ferences of  temperature  above  and  below  the  crossing  points  to  start 
the  liquids  into  ebullition.  When  liquids  nearly  devoid  of  air  are 
under  great  pressure,  they  persist  in  maintaining  the  state  they  are 
in,  and  consequently  a  greater  difference  of  temperature  is  required; 
moreover,  when  ebullition  does  begin,  you  cannot  adjust  the  heat 
in  time  to  catch  the  mercury  in  both  limbs  level,  the  elasticity  of 
the  vapour  of  one  always  overpowers  that  of  the  other,  and  to 
ascertain  the  crossing  temperature  you  can  only  take  the  mean  of 
the  differences.  Even  with  air  in  the  spaces  there  are  some  liquids 
more  persistent  than  others,  and  when  the  mercury  cannot  be 
caught  exactly  level,  I  have  taken  the  mean  for  the  crossing 
temperature.  If  the  tubes  be  much  tapered  in  sealing,  this  also 
seems  to  retard  ebullition.  I  may  conclude  this  part  of  my  paper 
by  remarking  that  these  experiments  with  the  chloroform,  alcohol. 


Mr.  a.  Morton  an  the  Elasticity  and  Density  of  Vapours.    239 

and  bisulphide  of  carl>on,  shew,  I  think,  satisfactorily  that  the 
vapours  of  tliese  more  volatile  liquids  do  approach,  and  even  cross 
that  of  distilled  water,  at  no  great  increase  of  temperature  above 
that  of  Regnault's  experiments^  as  I  had  anticipated.  The  vapour  of 
chloroform  decomposes  and  lines  the  inside  of  the  tube  with  a  black 
film,  rapidly  at  the  higher  temperatures,  when  mixed  with  the 
vapour  of  mercury ;  but  alcohol  appears  as  pure  and  transparent  after 
repeated  experiments  with  the  same  tube  as  it  did  on  first  heating. 

From  the  low  elasticity  of  spirits  of  turpentine,  I  was  led  to  try 
if  I  could  reach  the  maximum  of  its  elasticity,  and  with  that  in 
view  I  got  prepared  a  U  tube  somewhat  similar  to  those  just 
described.  One  limb  contained  the  liquid  and  the  other  air  :  that 
end  filled  with  air,  above  the  mercury>  was  drawn  out  to  a  small 
diameter  before  it  was  sealed.  The  compression  of  the  air  was 
intended  to  measure  the  maximum  elasticity  of  the  vapour  in  the 
other  limb  of  the  U  tube.  On  making  the  experiment,  I  found 
that  although  the  tube  itself  remained  perfectly  transparent,  the 
liquid  coloured  very  rapidly  at  the  higher  temperatures,  and  that  at 
about  the  temperature  of  melting  zinc  it  explodes,  producing  a 
column  of  smoke,  exactly  as  if  it  had  been  ignited  gunpowder.  I 
here  use  the  word  "  explodes "  in  contradistinction  to  "  bursts." 
Before  the  explosion  the  liquid  had  disappeared  and  become  a  dark 
brown  vapour. 

To  enable  me  to  perform  my  experiments  at  higher  temperatures 
and  pressures,  I  used  single  glass  tubes,  as  represented  by  figs.  4, 
6,  and  6  ;  these  have  often  withstood  the  elasticity  of  the  vapour  of 
water  near  the  temperature  of  melting  antimony.  I  have  had  no 
difficulty  whatever  in  getting  tubes  of  these  proportions  to  with- 
stand the  elasticity  of  steam  due  to  a  temperature  considerably 
above  that  of  melting  zinc.  If  one  of  these  tubes  be  half-filled,  or 
nearly  so,  with  any  liquid  I  have  used,  and  that  tube  hermetically 
sealed  when  the  liquid  within  it  is  thoroughly  boiling,  I  find  on 
hanging  it  in  the  air-bath  that  as  the  heat  augments,  the  liquid 
continues  to  evaporate  and  increase  in  bulk,  until  the  whole  tube 
appears  filled  with  the  boiling  liquid.  One  would  have  thought 
that  the  liquid  would  have  become  gradually  less  as  the  heat 
increased,  but  the  contrary  takes  place.  The  liquid  appears  to 
expand,  slowly  at  first,  but  more  rapidly  at  the  higher  temperatures, 
until  the  whole  tube  appears  filled  with  the  boiling  liquid ;  and  if 
not  previous,  at  that  instant  the  tube  becomes  completely  filled,  th3 
"  Cagniard  de  la  Tour  "  state  comes  on.  If  the  tubes  be  only  one- 
fourth,  or  less,  filled  with  liquid,  it  invariably  becomes  less  until 
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the  last  globule  of  liquid  has  disappeared.  I  am  not  aware  that 
this  phenomenon  has  ever  been  pointed  out,  and  as  it  has  parti- 
cularly attracted  my  attention  I  now  record  it. 

Three  of  these  tubes,  containing  one-fourth,  one-third,  and  one- 
half  of  liquid  chloroform,  hung  in  a  circle  (fig.  7)  around  and  in 
contact  with  the  naked  thermometer ;  on  first  heating  these,  the 
one  containing  the  greatest  quantity  appears  first  in  this  peculiar 
state  referred  to,  but  the  difference  of  temperature  between  the 
first  and  last  is  only  a  few  degrees ;  and  for  pure  chloroform,  by 
adjusting  the  gas  flame  so  as  to  maintain  a  uniform  constant  tem- 
perature, each  tube  may  be  kept,  for  minutes  at  least,  apparently 
full  of  a  cloud  of  smoke,  of  a  colour  resembling  that  which  arises 
from  burning  coaL  If  the  temperature  be  lowered  one-half  of  a 
degree  Fahrenheit,  those  tubes  containing  one-half  and  one-third  of 
liquid  appear  full  of  the  boiling  liquid ;  if  it  be  raised  to  the  same 
distance  above  that  particular  temperature,  these  tubes  appear 
filled  with  a  pure  homogeneous  vapour.  The  particular  point  for 
chloroform,  I  find,  varies  from  about  510**  to  520**  Fahr. 

With  three  tubes  containing  alcohol  of  the  same  quantities  as 
the  chloroform,  I  find  that  the  cloud  or  mist  is  pure  white,  and 
that  that  temperature,  when  the  cloud  is  constant,  varies  from  about 
480*"  to  490**  Fahr.  The  alcohol  behaves  otherwise  as  the  chloro- 
form did,  only  it  attains  that  peculiar  state  at  a  much  lower 
temperature.  With  three  similar  tubes  containing  spirits  of  tur- 
pentine, the  liquid,  as  I  have  before  said,  changes  colour,  and  the 
vapour  partakes  of  the  colour  of  the  liquid,  viz.,  dark  brown.  At 
about  the  temperature  of  melting  zinc,  the  whole  three  are  appar- 
ently in  this  peculiar  state ;  but  this  experiment  requires  that  the 
heat  should  be  quickly  augmented,  and  at  that  instant  when  the 
liquid  becomes  vapour,  the  gas  flame  should  be  turned  entirely  off, 
and  a  current  of  cold  air  admitted  to  surround  the  experimental 
apparatus.  If  the  heat  be  slowly  augmented,  the  vapour  explodes 
with  great  violence  at  about  that  temperature.  A  wire-gauze 
screen  on  the  face,  and  even  gloves  cannot  be  too  often  recom- 
mended as  essentials  in  such  experiments,  as  you  are  not  certain 
but  what  the  movement  of  your  foot  may  cause  a  vibration  sufficient 
to  induce  the  explosion. 

Many  tubes  containing  other  liquids  have  burst  when  my  face 
was  within  a  few  inches  of  the  experimental  apparatus;  and 
although  these  vapours  were  so  high  in  temperature  just  the 
moment  before  they  burst  the  tubes,  the  feeling  at  the  instant 
was  that  of  a  blast  of  ice-cold  air. 
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With  ether  and  bisulphide  of  carbon,  the  first  becomes  vapour 
at  the  temperature  of  about  400^  Fahr.,  and  the  latter  at  about 
500*  Fahr.  The  cloud  or  mist  with  the  former  is  first  pale  blue, 
changing  into  grey  as  the  vapour  returns  to  liquid.  The 
cloud  or  mist  formed  by  the  latter  partakes  of  the  colour  of  the 
liquid,  which,  with  a  first  heating  becomes  pale  brown,  although 
pure  and  void  of  colour  originally.  A  second  heating  seems  to 
double  the  intensity  of  the  colour. 

I  shall  here  describe  experiments  with  two  series  of  three 
tubes,  each  containing  ether  and  bisulphide  of  carbon,  sealed  when 
thoroughly  boOing. 

On  first  heating  the  ether,  that  tube  containing  one-third  of 
liquid  changed  first,  then  the  one  containing  one-half,  and  lastly 
the  one  containing  one-fourth.  After  the  three  tubes  had  been 
three  times  through  the  process,  the  tube  containing  one- half  invari- 
ably went  off*  first  {t.e.,  it  went  into  the  peculiar  state  referred  to), 
the  one-third  next,  and  lastly  the  one-fourth  ;  and  in  cooling  they 
followed  the  inverse  order — that  is,  the  tube  which  first  went  otf 
was  last  in  returning ;  and  the  temperature  for  the  ether  I  find 
thus — the  tube  containing  one-half  liquid  when  cold  became  appar- 
ently gaseous  at  375®  Fahr. ;  those  containing  one-third  and  one- 
fourth  went  off"  nearly  simultaneously  at  405°  Fahr. 

The  bisulphide  of  carbon  series  at  first,  and  after  having  been 
twice  through  the  process,  went  oflf  as  follows : — the  tube  con- 
taining one-fourth  of  liquid  (when  cold)  at  475°  Fahr.,  that 
containing  one-third  at  495°  Fahr.,  and  lastly  that  containing 
one-half  at  515°  Fahr.  You  will  observe  that  the  tube  contain- 
ing ^the  greatest  quantity  of  liquid  ether  invariably  went  ofT  first, 
whereas  that  containing  the  greatest  quantity  of  liquid  bisulphide 
of  carbon  invariably  last. 

With  distilled  water  boiled  and  sealed  within  glass  tubes  similar 
to  those  shewn  by  figs.  4,  5,  and  6,  only  one  experiment  can  bo 
satisfactorily  performed  with  a  tube,  because  the  vapour  in  return- 
ing to  liquid  decomposes  the  glass  so  rapidly  that  its  transparency 
is  lost  However,  I  have  learned  that  the  decomposition  takes  place 
chiefiy  when  the  vapour  is  returning  to  its  original  liquid  state. 
Having  ascertained  this,  I  had  the  hot-air  bath  raised  to  the  tem- 
perature of  melting  zinc  before  introducing  the  experimental  tubes : 
they  therefore  very  shortly  became  of  a  high  temperature ;  and  ais 
the  gas  fiame  was  burning  constantly,  they  increased  in  tempera- 
ture until  the  liquid  had  entirely  disappeared:  they  never  lost  their 
transparency,  and  I  could  tell  exactly  when  that  peculiar  point  re-. 
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ferred  to  was  reached.  The  decomposition  of  the  glass  apparentlj 
takes  place  whilst  the  vapour  is  condensing.  If  no  portion  of  the 
vapour  ever  condenses  during  the  experiment,  the  tube  remains  as 
pure  and  transparent  as  with  any  other  liquid  I  have  used  ;  but  if 
once  cooled,  the  tube  becomes  perfectly  opaque.  I  find  that  the 
cloud  somewhat  resembles  that  of  alcohol  as  to  colour,  being  nearly 
white,  and  that  the  cloudy  state  temperature  is  a  little  ab<>ve  that  of 
melting  zinc. 

Seeing  that  only  one  experiment  can  be  performed  with  glass 
tubes  containing  water,  I  had  necessarily  to  prepare  a  great  number 
of  these,  containing  from  one-fourth  to  one-half  of  liquid,  and  invari- 
ably those  containing  the  least  quantity  of  liquid  first  attained  that 
})eculiar  state  before  the  zinc  had  melted  ;  but  those  containing  oue- 
third  of  liquid  became  perfectly  gaseous  after  the  zinc  had  melted. 
These  tubes,  when  prepared  for  experiment,  had  a  spiral  cutting  of 
sheet  zinc  around  them,  and  they  were  in  contact  with  a  small  piece 
of  antimony  suspended  by  a  fine  brass  wire.  I  had  very  few  single 
tubes  which  burst  during  my  experiments  with  the  distilled  water. 

I  have  said  that  the  vapour  of  chloroform  decomposes  rapidly 
when  mixed  with  the  vapour  of  mercury  at  high  temperatures  ;  but 
with  clean  single  tubes  containing  pure  chloroform,  sealed  when 
boiling,  you  may  use  the  same  tube  over  and  over  again,  a  dozen 
times  at  least,  if  merely  heated  to,  say,  536^  Fahr.,  and  still 
you  find  the  same  quantity  of  liquid  pure  and  transparent  as  at 
first  within  it ;  but  if  any  of  the  tubes  be  once  raised  to  between 
the  temperature  of  melting  zinc  and  melting  antimony,  the  liquid 
becomes  deeply  coloured  a  dark  brown,  and  shortly  afterwards 
explodes. 

Cagniard  de  la  Tour  performed  his  experiments  with  tubes  heated 
in  an  oil  bath ;  *  and  to  ascertain  when  the  liquids  had  become 
gaseous,  he  must  have  raised  the  tube  frequently,  so  as  to  examine 
minutely  if  the  liquid  had  vanished,  because  oil  darkens  in  colour 
with  heat,  and  he  speaks  of  a  handle  to  each  tube.  This  action 
would  cool  the  tube,  causing  condensation,  and  so  far  decompose 
the  glass,  before  the  experiment  had  been  performed,  as  to  make 
the  point  uncertain.  Whilst  experimenting  with  his  tubes  contain- 
ing distilled  water,  he  docs  not  say  what  was  the  substance  he  used 
as  a  bath  ;  but  with  any  substance,  if  ever  the  experimental  tube 
fell  in  temperature,  its  transparency  would  have  been  so  far  lost 
This  dijQiculty  vanishes  when  the  experimental  tube  is  constantly 

*  AnnaleM  de  Chimie  et  de  Phyeique^  Vol  zxL  p.  181. 
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'snrroanded  bj  a  body  of  a  considerably  higher  temperature  than 
itself. 

His  experiments  with  ether  and  bisulphide  of  carbon  given  in  the 
following  year,  1823,*  shew,  I  think,  that  with  the  greater  quantities 
of  liquid  the  curve  representing  the  elasticity  continues  undisturbed 
after  the  liquid  has  passed  into  this  state.  As  a^fusthertest,  I  have 
experimented  with  a  U  tube  similar  to  those  I  have  described  near 
the  beginning  of  this  paper,  and  represented  by  figs..  1  and  2  of  the 
drawing  No.  1;  but  both  ends  of  the  tube  now  contain  the  same 
liquid,  the  one  end  rather  less  in  quantity  than. the  other,  but  filling 
at  least  about  one-half  of  the  spaces^ 

In  experimenting  with  these,  the  end  containing  the  least  quan- 
tity of  liquid  generally  boils  first;  if  not,  it  can  be  made-  to  do 
so,  which  compresses  the  greater  quantity  up  into  its  own  end,  as 
shewn  by  fig.  2.  At  a  certain  temperature  the  whole  of  the  lesser 
quantity  appears  gaseous,  and  for  alcohol  at.  about  485^  Fahr. ; 
if  we  continue  to  raise  the  temperature  up  to,  and  even  above 
that  of  melting  lead,,  which  is  about  630°  Eahr.,.the  gaseous  end 
increases- in»  elasticity  at  least  equally  with  the  other  eQd,>beeause  it 
continues  to  compress  the  liquid  in  that  end,  and  prevents  it  from 
evaporating.  In  cooling  down  again,  the  gaseous  end  still  holds 
good  until  the  liquid  is  seen  to  form  inits^wn  end  after  the  cloudy 
state  has  passed.  By  adjusting* the  gas  fiame  soas  to-have  a  sudden 
command,  of  the  heat  in  the  bath,  you  may  then  catoh  in  both  ends 
the  boiling,  liquid  when  the  mercury  is  level  ii^  both  limbs.  With 
three  single  tubes  containing  sulphurous  acid  of  commerce  (H^SOg), 
they  go  into  the  state  in  the  following  order : — That  containing  one- 
fourth  of  liquid  first,. at  about  the  temperature  of  melting  lead  ;  that 
containing  one-third  next,. at,. I  should  say,  less  thaik  ten.  degrees 
more  ;  and  lastly,  t^at  containing  one-half,  at  about  twenty  degrees 
more.  These  tempe»atures  are,  of  course,  merely  my  approximate 
from  the  time  after  the  lead  melts,  compared  with  the  rate  of  heat- 
ing at  rather  lower  temperatures.  This  substanoe,  somewhat  resem- 
bling the  distilled  water,  alters  the  transparency  of  the  glass  at  the 
highen  tem]>eraturesy  probably  fix)m  the  same  cause,  and  that  tube 
containing  the  least  quantity  of  liquid,  loses  its  transparency  first, 
which  is  another  instance  of  the  vapour  being  more  effective  in 
obscuring  the  glass .  than  the  liquid  itself.  This  substance  should 
be  quickly  heated  up  to  the  required  temperature,  which  is  a  little 
above  that  of  melting  lead.  Yoa  can  with  tlus  substance  repeat  the 
process  with  the  same  tubes  four  or  five  times  at  least,  and  still 
*  Annates  de  Chimie  €t  de  Phyaiqxit.    Vol.  zzii.,  p.  410. 
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the  tubes  will  "Lave  sufficient  transparency  to  note  the  change,  and 
invariably  they  go  off  in  the  order  1  have  stated. 

With  three  single  tubes  containing  the  same  respective  quantities 
of  liquid  benzole,  that  containing  one-fourth -attains  the  state  first, 
at  about  &10^  Fahr.,  and  those  containkig  one-third  and  one- 
half  very  -nearly  together,  at  about  620^  f^ahr^  but  «till  below 
the  boiling  point  of  mercury,  near  that  of  4nelting  letkl ;  the  doad 
is  a  bluish,  dirty  white,  and  can  easily  be  kept  tx>nstant  ibr  a  con- 
siderable time.  These  experiments  were  performed  on  a  bench 
close  to  a  window,  through  which  the  clear  sun  was  ofben  shining. 
The  tubes  were  hung  between  me  and  the  sun,  and  his  vays  on 
passing  through  the  vapour,  when  the  tubes  were  apparently  com- 
pletely filled  with  a  homogeneous  gas,  shewed  very  distinctly  the 
agitation  going  on  within  them.  When  these  rays  were  thrown 
upon  a  sheet  of  white  paper,  there  were  lights  and  shadows  so 
different  in  depth  of  shade,  that  one  would  have  thought  they  had 
passed  through  a  greatly  agitated  cloud  of  smoke. 

I  have  been  a  little  particular  in  trying  to  describe  that  point 
when  a  cloud  does  actually  form  within  the  tube,  and  tiie  'eolonr 
of  it  for  the  different  vapours  I  have  experimented  with.;  but  the 
shadows  just  referred  to  were  produced  at  the  higher  t^nperatures, 
when  the  vapour,  viewed  in  a  certain  light,  seemed  pure  and  trans- 
parent. My  object  in  describing  the  epecial  colour  of  the  icloudy 
state  is  to  draw  attention  to  this  means'of  analysing  liquids.  When 
I  could  tell  from  the  motion  and  colour- of  the  cloud  what  liquid  was 
under  experiment,  without  knowing  beforehand  'either  the  liquid 
or  the  temperature,  I  think  if  experiments  were  so  arranged  ^as  to 
have,  as  it  were,  spectra  of  these  clouds  when  the  liquids  are  in  that 
state,  much  might  be  gained  as  to  the  constitution  of  both  liquids 
and  vapours;  and  I  find  single  tubes  containing  one-third  of  liquid 
at  60**  Fahr.  are  the  best  for  observing  this  phenomenon.:  these 
attain  that  state  in  the  following  «rder.: — ether  at  405"  Fahr.,  alco- 
hol at  490**  Fahr.,  bisulphide  of  carbon  at  600°  Fahr.,  chlorofonn  at 
620°  Fahr.,  benzole  at  620^  Fahr.,  sulphurous  aoidv(HjS03)  at  a  little 
above  melting  lead,  and  spirits  of  turpentine  at  about  that  of  melt- 
ing zinc,  but  much  below  that  of  antimony — thus  nearly  agreeing 
with  distilled  water. 

Many  single  tubes  were  purposely  raised  in  temperature  until 
they  burst;  and  the  arrangement  for  this  purpose  consisted  in  laying 
one  tube  at  a  time  on  a  cradle,  D,  of  thin  sheet-copper,  at  an  angle  in 
the  bottom  of  the  bath  A.  Each  tube  was  surrounded  with  a  spira) 
cutting  of  sheet-lead  and  sheet-zinc,  and  a  small  piece  of  antimony 
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was  suspended  in  contact  with  the  tube  under  experiment ;  tliese 
■were  my  thermometers.  The  cover  of  the  bath  was  generally  a 
piece  of  common  sheet-glass,  but  at  times  merely  a  light  card.  One 
tube,  containing  one-half  of  liquid  chloroform,  was  laid  on  a  cradle, 
and  the  bath  covered  with  a  loose  card.  It  appeared  to  be  com- 
pletely filled  with  a  homogeneous  vapour,  at  520*"  Fahr.,and  exploded 
with  great  violence  after  the  zinc  had  melted ;  and  although  the 
bath  was  merely  covered  with  a  loose  card,  which  I  had  removed  to 
ascertain  if  the  zinc  had  melted,  and  replaced  just  the  moment 
before,  the  bottom  was  driven  out  of  the  brass  bath,  the  card  riddled 
with  fine  holes,  and  the  cradle  as  flat  as  if  it  had  been  crushed  under 
a  heavy  roller,  and  the  tube  itself  glass  dust. 

The  effects  were  so  great  compared  with  a  simple  burst,  that 
nothing  but  an  actual  explosion  seemed  to  explain  them.  Having 
several  other  tubes  exactly  similar,  and  containing  some  of  the  very 
same  sample  of  chloroform,  I  tried  to  catch  these  just  before  they 
had  had  either  sufficient  time  or  heat  to  explode  them.  I  lost  many, 
but  have  preserved  some.  These  have  been  considerably  above  the 
temperature  of  melting  zinc,  I  should  say  near  to  that  of  antimony ; 
and  the  liquid,  I  find,  shews  evident  signs  of  decomposition,  as  the 
liquid  in  one  is  now  so  dark-brown  as  to  appear  nearly  black.  I 
have  also  preserved  some  tubes  containing  liquid  alcohol  absolute, 
which  have  several  times  been  raised  to  an  equally  high  tempera- 
ture, still  the  liquid  appears  in  these  as  pure  and  transparent  as 
originally ;  but  on  trying  these  and  the  coloured  chloroform  sus- 
pended in  the  bath,  as  at  first,  I  found  they  had  lost  their  power  of 
ebullition. 

Two  tubes,  one  containing  one-fourth  of  the  brown  chloroform, 
and  the  other  one-fourth  of  the  highly-heated  alcohol,  when  hung 
in  the  bath  these  liquids  expand  quietly  until  the  whole  tubes  are 
completely  filled,  shewing  but  the  faintest  attempt  at  ebullition  at  a 
mean  temperature^  but  above  and  below  that  there  are  no  signs  of 
ebullition  whatever.  That  which  contains  the  alcohol  when  ex- 
panded to  about  three  parts  full,  although  viewed  with  a  powerful 
lens,  you  cannot  detect  the  difference  between  what  is  liquid  and 
the  vapour  above  it — both  have  the  same  curling  motion;  but  j'ou 
can,  in  some  lights,  easily  detect  a  hair  line  of  demarcation  rising 
gradually  to  the  top  of  the  tube  as  the  heat  augments.  This  lino  is 
more  easily  detected  with  the  coloured  chloroform,  as  the  vapour 
has  rather  less  depth  of  colour,  but  both  liquids  seem  to  follow  the 
same  law  — that  is,  they  increase  in  bulk  without  the  boiling  action. 

These  very  same  tubes  have  repeatedly  been  experimented  with. 
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and  often  raised  in  temperature  until  tbe  whole  liquid  had  been 
converted  into  yapour,  and  on  having  been  cooled  down  again,  the 
liquids  appeared  perfectly  pure  and  transparent  as  at  first  At 
first,  and  at  every  re-heating,  they  invariably  began  to  boil,  and 
continued  so  to  do  as  the  heat  inoi*eased,  the  line  of  demarcation 
fallidg  gradually  towards  the  bottom,  until  the  last  globule  had  dis- 
appeared by  evaporation ;  and  what  is  very  remarkable,  at  about 
that  temperature  when  the  one  disappears  at  the  bottom  the  other 
disappears  at  the  top. 

What  I  wish  to  call  attention  to^  is  the  fact  that  the  original 
liquid  was  converted  into  vapour  by  the  apparent  action  of  ebulli- 
tion, jwhilst  it  now  simply  expands  into  vapour.  What,  therefore, 
is  the^  action  of  ebullition,  and  wherein  do  the  fivids  differ  9 

Liquids  in  bent  tubes,  such  as  figs.  1  and  2.  sealed  cold — that  is, 
containing  air  in  the  spaces — go  into  the  "  Cagniard  de  la  Tour  " 
state  at  a  few  degrees  lower  temj)erature.  than  those  in  single  tubes, 
such  as  figs»  4,  5,  and  6,  sealed  cold  ;  and  those  single  tubes,  sealed 
cold,  at  a  lower  temperature  than  those  which  were  sealed  when 
thoroughly  boiling.  From  this  it  would  appear  that  the  increased 
pressure  from  the  vapour  of  mercury  and  air  assists  in  inducing  this 
state  at  the  higJier  temperatures  in  the  bent  tubes,  and  that  the 
pressure  of  the  air  alone  assists  in  the  single  tubes  sealed  cold. 
Cagniard  de  la  Tour's  later  experiments  with  ether  in  bent  tubes 
containing  mercury  and  aip,  shew  ten  degrees  Reaumur-  less  heat. 
If,  therefore,  pressure  alone  can  kiduce-  this  state  with  liquids  con- 
siderably removed  from  their  temperature  of  maximum  density  as 
liquids,  then,  it  would  follow  that,  if  the  pressure  be  great  enough, 
this  state  would  be  induced  at  much  lower  temperatures ;  and  my 
experiments  with  single  tubes  containing  three-fourths  of  liquids,  I 
think,  confirm  this. 

If  one  were  to-  continue  this  line  of  thought,  it  would  lead  to.  the 
assumption  that,  under  a  certain  pressure,  every  liquid  would  be  in 
this  peculiar  state,  and  that,  as  a  oonsequence,  pressure  alone  oould 
never  induce  solidity;-  and  we  know  that  Faraday  has  said,  '*  Solidi* 
fication  has  not  as  yet  been  conferred  on  a  fluid  by  any  degree  ef 
pressure.**  ;*  as  also,  that  Sir  William  Thomson  has  proved  that 
pressure  lowers  the  temperature  of  solidifying  water;  thesefore,  I 
think  it  probable  that  pressure  alone  may  never  induce  solidity. 

It  would  appear  from  these  experiments  that  those  liquids  most 
expansible  by  heat  arrive  at  the  '^Cagniard  de  la  Tour"  state  at  the 
lowest  temperature,  and  that  the.  volatility  of  the  liquids,  or  the 

^  Faraday's  J^etfarchea  in  Chemistry  and  Phytsiei,  p.  99. 
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weight  of  their  YapotiTs,.have  little  or  no  effect  in  inducing  this 
state  ;  and  if  the  liquid  be  of  sufficient  quantity  in  relation  to  the 
space,  the  curve  representing  the  elasticity  remains  undisturbed 
after  the  change  has  taken  place. 

Before  concluding  this  paper  I  shall  here  take  the  ^portunity  of 
pointing  out  an  error  regarding  the-  temperature  af  Cagniard  de  la 
Tour's  experiments,  which  has  crept  into  every  English  translation 
1  have  come  across.  In  the  Quarterly  Journal  of  Science,  Lit^*aJture, 
and  the  Arts,  London,  1823,  vel.  xv,,  p.  145,  there  appears  a  transla- 
tion of  his  first  memoir;  and  at  p»  147,  par.  4,  the  temperature  is 
given  in  degrees  Fahrenheit,  thus : — "  The  ether  required  a  tem- 
perature of  330°  E:,  alcohol  that  of  405?  F."  Thomson  on  Heai 
and  Electricity,  Glasgow,  1830,  p.  220,  in.  a  foot-note  describing  these 
experiments,  says,  in  the  second  paragraph,  ''  Ether  became  gaseous 
in  a  space  scarcely  double  its  volume  at  the  temperature  of  320*" ; 
pressure^  38  atmospheres^  Alcohol  became  gaseous  in  a  space 
about  thrice  its  volume  at  the  temperature- of  404^°;  pressure,  abou.t 
129  atmosj>heres."  Again,  in  the  Practiced  Mec/ianic  and  Engineer's 
Magazine,  Glasgow,  1842,  vol.  i.,  p.  205,  after  describing  the  method 
he  adopted,  we  find  the  following  : — "  Ether  became  gaseous  in  a 
space  scarcely  double  its  volume,  at  a  temperature  of  320°,  and 
exerted  a  pressure  of  not  more  than  38-  atmospheres,  whereas,  by 
calculation,  its  elastic  force  should  be  168  atmospheres.  Aleoho> 
became  gaseous  in  a^  space  about  three  times  its  volumej  at  the 
temperatupe  of  404^°,  and  exerted  a  pressure  o£  only  139  atnuv 
spheres,  whereas  calculation  gives  221  atmospheres.''  Faraday,  in 
his  Researches  in  Chemistry  and  Physics,  p.  126,  gives  no  quotations 
as  to  temperatures,  but  he  refers  to  the  Quarterly  JoumaL  This  is 
nearly  as  misleading  as. if  he  had  quoted  therefrom.. 

There  are  other  English  books  equally  at  fault ;  and  it  seems  to 
me  that  the  Quarterly  Journal  has  been  the  leader  they  have  all 
followed. 

On  making  my  experimwits  with  these  liquids,  I  fbund  they 
did  not  even  come  near  to  this  in  regard  to  temperature,  and  on 
refeiHring  to  his  original  paper  I  at  once  discovered  the  error  of  our 
English  translations.  My  fiiiend,  M.  Bouzier,  who  is  a  teacher  of 
French  here,  has  given  me,  to  the  best  of  his  ability,  a  correct 
translation  of  the  whole  paragraph  referred  to,  which  runs  thus  : — 

^*  To  determine  the  degree  of  heat  to^  which  ether  and  alcohol 
reduced  into  vapour,  the  tubes  containing  those  liquids  were  heated 
in  an  oil  bath,  in  which  a  mercury  Heaumur  thermometer  was 
plunged.     The  oil  was  put  into  a  glass  cylindrical  vase  or  gauge. 
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Bj  this  means  the  moment  when  the  liquids  in  the  tubes  reduced 
into  Tapour  was  easily  noticed ;  and  it  was  ascertained  that  ether 
required  fcrr  that  reduction  160°  d^rees  of  heat,  and  alcohol  207*. "  * 

From  this  it  is  evident  that  Cagniard  de  la  Tour  had  used  a 
mercurial  thermometer  'graduated  to  the  scale  oi  JRkmmur,  which 
has  only  80  parts  between  the  freezing  and  the  boiling  points  of 
water;  therefore  160^  E^umur  should  read  392*"  Fahr.,  instead  of 
320**  Fahr.;  and  207*  Reaumur  should  read  497*75  Fahr., instead  ci 
404|*  Fahr.  The  error  has  arisen  from  assuming  that  the  thermo- 
meter he  experimented  with  had  been  graduated  to  the  scale  of 
Centigrade,  whereas  he  distinctly  savs  lUaumur.  When  this  error 
of  nearly  100*  Fahr.  is  corrected,  his  experiments  and  mine  with 
these  liquids  become  very  near  alika 

The  pressure  of  the  vapour  of  alcohol  given  in  the  original  paper, 
and  in  the  Quarterly  Joumaly  is  119  atmospheres,  therefore  the 
numbers  129  and  139  atmospheres  are  evidently  errors  also.  In 
his  second  memoir,t  already  referred  to,  his  tables  giving  the  elas- 
ticity of  ether  and  bisulphide  of  carbon  at  diJOTerent  temperatures 
have  the -column  of  temperatures  headed  thus : — "  Degr^  de  R^u- 
mur."  There  can  therefore  be  no  question  regarding  this  point,  and 
that  the  whole  of  his  experiments  were  performed  and  registered 
with  a  K^umur  mercurial  thermometer.  It  is  rather  strange  that 
these  experiments,  so  much  referred  to  by  many  eminent  physicists, 
which,  although  translated  and  published  in  London  more  than 
half  a  century  ago,  should  have  been  copied  and  reprinted  in  so 
many  books  containing  such  errors  uDobserved. 


Discussion  on  Mb.  Morton's  Paper. 

Mr.  Thomas  Muir  was  astonished  to  find  that  there  was  a  tem- 
perature at  which  the  elasticities  of  steam  and  bisulphide  of  carbon 
were  equal, — a  result  one  would  not  have  expected  from  the  forms 
of  the  curves  in  Kegnault*s  diagram. 

Dr.  MuiRHEAD  remarked  that  in  one  part  of  the  paper  Mr.  Mor- 
ton had  used  the  word  '*  explosion."  Did  he  mean  that  it  exploded, 
or  simply  burst  the  tube  1 

Mr.  Morton  replied,  that  from  the  column  of  smoke  that  rose  up 
to  the  roof  on  the  tube  bursting,  he  was  certain  that  the  gas  must 

*  Annales  de  Chimie  et  de  Physique,    Vol.  xxL,  p.  ISl,  par.  3. 
t  Ibid.    VoL  xziL ,  p.  410. 
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have  been  ignited,  and  he  had  darkened  the  room  to  ascertain  if  a 
flash  took  place.  These  were  the  only  means  he  had  of  detecting 
whether  it  was  an  explosion  or  a  burst.  A  simple  burst  makes  no 
smoka  One  could  get  pieces  of  the  tube  as  large  as  a  pin-head  in 
such  a  case;  but  in  this  instance  the  tube  became  sand-dust.  He 
had  great  difficulty  in  obtaining  th«  chloroform  in  the  coloured 
state.  He  had  tried  two  tubes,  as  exactly  alike  in  every  particular 
as  possible,  to  seize  the  flame  the  iastant  the  first  one  burst,  but 
they  very  often  went  off  immediately  after  «ach  other. 

Dr.  Wallace  said  the  particular  tempefrature  at  which  organic 
bodies  assume  difl*erent  arrangements  was  not  well  known.  He 
supposed  this  kind  of  explosion  referred  to  did  not  occur  with 
water.  It  was  well  known  that  it  did  not  dissociate  until  at  a 
white  heat,  and  only  in  infinitesimal  quaMtities ;  and  therefore,  if 
the  theory  was  correct,  then  it  would  not  'Occur  with  water,  but  it 
might  occur  with  spirit  of  turpentine,  or  ^her,  or  chloreform  ;  but 
they  had  no  very  carefully-made  data  on  the  point,  as  to  what 
temperature  those  bodies  did  expleda 

Mr.  James  Srownlie  drew  attention  to  the  remarkable  fact  that, 
in  some  of  the  experiments  adduced  by  Mr.  Morten,  the  air  con- 
tained in  the  tubes  at  the  time  ef  sealing  disappeared  entirely. 

Mr.  MrcR  drew  attention  "te  the  experiments  in  which  a  liquid, 
which  had  been  brought  into  a  state  of  ebullition  and  then  cooled, 
could  not  afterwards  be  again  brought  into  "the  boiling  condition ; 
and  said  that  we  were  not  entitled  to  affirm  that  the  liquid  had  lost 
its  power  of  ebullition,  but  merely  that  in  certain  circumstances  it 
could  not  be  made  to  boiL 

Mr.  John  Mateb  asked  if  it  was  not  possible  that  the  organic 
liquids  upon  which  Mr.  Morton  had  experimented,  had  suffered 
partial  decomposition  at  the  high  temperatures  he  employed,  and 
that  the  vapours  had  been  liberated,  and  accumulated  at  the  upper 
part  of  the  tube,  whose  tension  was  so  great  as  to  prevent  any 
ebullition^ the  remaining  liquid  when  subjected  to  heat  ? 

Mr.  MuiB  said  he  had  no  doubt  this  was  the  explanation. 

Dr  Wallace  concurred,  and  suggested  the  opening  of  one  of  the 
tubes  as  a  test 
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XXVIII. — Descriptions  of  a  New  Gsntu  and  several  New  Species  of 
Hugose  Corals,  from  t/te  Carboniferous  Limestone  of  Scotland, 
By  Mr.  James  Thomson,  F.G.S.,  Corresponding  Member  of  the 
Koyal  Science  Society  of  Liege,  Belgium. 


[Read  before  the  Society,  Jannary  10,  1877.  J 


In  the  following  paper  I  propose  to  give  short  descriptions  of  a  new 
genus  and  several  new  species  of  Corals  from  the  Carboniferous 
Limestone  of  Scotland,  and  will  briefly  define  the  generic  characters 
of  a  number  of  the  species. 

Genus  Kumatiophtllum.     Thomson.     Genus  Nov. 

Generic  characters. — Corallum  cono  cylindrical,  moderately  tall, 
curved..  Epitheca  thin,  with  encircling  irregular  ridges  of  growth. 
Calice  circular,  shallow,  and  more  or  less  evjerted,.  exhibiting  in  the 
centre  of  its  floor  a  number  of  bending  or  wavy  lamellae,  which 
pass  from  the  inner  margin  of  the  primary  septa  to  its  centre ;  in 
some  forms  a  portion  of  the  lamellfe  passes  over  the  central  space  in 
sinuous  ridges.  Septa  thin,  and  of  two  orders  ;  the  primary  never 
extending  farther  inwards  than  the  outer  margin  of  the  central 
space,  and  exhibiting  laminsa  for  about  a  third  of  their  length  from 
the  inner  margin,  while  towards  the  periphery  they  are  thin  and 
flexuous ;  and  the  secondary  septa  are  considerably  shorter,  and 
sometimes  hardly  recognisable ;  they  are  united  by  interseptal  dis- 
sepiments, which,  are  scanty  near  the  inner  ends,  of  the  primary 
septa^  but  abundant  in  the  external  area,  where  they  form  a  dense 
vesicular  tissue.    Cross  sections  exhibit  a  well-marked  septal  fossula. 

Longitudinal  section  exhibits  the  triareal  arrangement  of  the 
internal  structure ;.  central  area  composed  of  thin,  discontinuous, 
irregular,  and  wavy  columellarian  lines.  The  intermediate  area 
("  in terloculai; area")  is  occupied  by  convex  tabulae,  convexity  up- 
wards, which  unite  the  inner  ends  of  the  primary  septa.  The  outer 
area  ("  interseptal  area  ")  is  occupied  by  a  zone  of  minute  lenticular 
convex  cells,  convexity  upwards  and  inwards,  and  arranged  ia 
oblique  rows. 
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'  The  genus  Kumatiophyllum  is  <allied  to  the  gen«8  RJiodophyllum, 
Indeed,  there  appears  in  some  forms  to  be  so  natural  and  intimate 
a  relation,  that  we  considered  them  as  varieties  of  Rhodophyllum. 
There  are  other  varieties  which  have  affinities  with  another  group 
that  is  under  coRsideration  ;  we  have  thus  examples  which  might 
be  referred  to  either  of  the  two  groups.  I  have,  however,  selected 
types  which  form  central  links  in  a  connected  series ;  such  forms 
may  be  regarded  as  centres,  from  which  the  two  groups  referred  to 
diverge  in  difierent  directions. 

A  very  obvious  character  of  the  genus  Kumatiophyllum  consists 
in  the  form  and  arrangement  of  the  central  area,  which  is  slightly 
raised  above  the  inner  margin  of  the  primary  septa,  and  is  formed 
of  vertical  lamellae,  the  superior  extremity  of  which  appears  as 
wavy  ridges,  and  which  pass  from  the  inner  margin  of  the  primary 
septa  to  the  centre  of  the  floor  of  the  calice  (PI.  I.,  Fig.  2).  The  cut 
edges  of  the  vertical  lamellae  appear  in  transverse  sections,  as  so 
many  wavy  or  bending  lines,  which  pass  from  the  margin  of  the 
central  area  towards  its  centre,  and  are  united  by  the  cut  edges  of 
the  concave  tabulae  (PI.  I.,  Fig.  1a). 

In  longitudinal  sections  the  central  area  is  filled  up  by  numerous 
irregular  lamellar  plates,  which  are  so  much  intersected  by  the  con- 
cave tabula,  that  it  appears  as  a  more  or  less  confused  mass  of 
cellular  structure  (PI.  I.,  Fig.  1). 

The  structural  details,  as  exhibited  in  the  central  area  of  the 
corallum,  I  believe,  are  sufficient  to  warrant  us  in  separating  Kuma- 
tiophyllum from  the  genus  Rhodophyllum.  In  the  latter  the  boss 
in  the  centre  of  the  calice  is  rotund  in  outline,  and  its  surface  is 
marked  with  twisted  ridges,  which  fold  round  and  clasp  the  columel- 
larian  boss,  and  ascend  from  the  inner  margin  of  the  primary  septa 
to  its  centre  (PL  II.,  Fig.  3),  which  in  a  transverse  section  appears 
as  a  series  of  irregular  convolute  lines  encircling  the  central  space 
(PI.  II.,  Figs.  1  <k  3a).  In  longitudinal  sections  the. lamellae  are  seen 
filling  up  the  central  space  of  the  corallum,  in  a  series  of  ascending 
discontinuous  columellarian  lines,  and  at  various  angles,  and  each 
is  laterally  united  by  concave  tabulae  (PL  II.,  Figs.  1a  and  2a). 


Kumatiophyllum  Concentricum,     Thomson.     Sp,  Nov. 

Plate  I.,  Figs.  1  and  1a. 

Specific  characters. — Corallum  cylindro-conical,  imperfect,  a  por- 
tion of  the  lower  extremity  awanting,  moderately  tall,  curved,  and 
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marked  with  broad  accretion  ridges.  Calioe  circular  and  ererted. 
Central  area  raised  about  half  a  line  above  the  inner  margin  of  the 
primary  septa,  and  crowned  by  lameUse,  which  pass  inwards  to  the 
centre  in  sinuous  ridges. 

Epitheca  thin,  with  wavy  encircling  lines  of  growth.  Septa  num- 
erous and  bending  to  the  right  at  their  inner  margin,  and  exhibit 
laminse  for  two  lines  fi'om  the  inner  margin ;  they  then  become 
single  and  flexuous.  There  are  sixty-four  primary,  and  an  equal 
number  of  secondary  septa;  the  latter  pass  inwards  from  the  epi- 
theca for  a  line  and  a  half,  where  they  bend  and  become  attached  to 
the  primary  septa.  Each  is  lateraUy  united  by  numerous  minute 
interseptal  dissepiments,  which  are  more  or  less  rectangular.  Cen- 
tral area  six  lines  broad,  and  formed  by  sinuous  lamellae. 

Fossula  with  two  short  septa  in  it,  and  these  are  attached  to  the 
central  area  by  several  irregular  endothecal  plates. 

Longitudinal  section  trie  real.  Central  area  composed  of  discon- 
tinuous, irregular,  and  wavy  columellarian  lines,  which  are  much 
intersected  with  concave  tabulse.  The  intermediate  area  ("  inter- 
locular  area")  is  occupied  by  convex  tabulae,  convexity  upwards  and 
outwards.  The  outev  area  ('' interseptal  area")  is  occupied  by  a 
zone  of  minute  lenticular  convex  cells,  convexity  upwards  and 
inwards,  and  arranged  in  oblique  rows. 

Height  of  specimen,  4  inches,  imperfect;  diameter  1  inch  6^  lines. 

Position. — Found  in  band  of  shale  that  overlies  the  lowest  post  of 
limestone  in  Langside  Quarry,  two  miles  east  of  Beith,  Ayrshire. 
This  group  is  not  restricted  to  this  horizon ;  they  are  found  in  a  zone 
about  forty  feet  higher,  and  at  Bowertrapping,  Dairy,  Ayrshire, 
which  is  at  the  top  of  the  marine  beds  in  Scotland. 

Pi.  I.,  Figs.  2  and  2a  is  a  young  specimen  of  the  same  species,  ex- 
hibiting the  form  of  the  calice  and  arrangement  of  the  lamellae  in 
the  central  area;  corallum  imperfect ;  found  at  Brockley,  five  miles 
south  of  Lesmahagow,  Lanarkshire. 


'     KumoUiophf/Uum  Harhnessi,     Thomson.     Sp.  Nov. 

Plate  I.,  Figs.  3  and  3a. 

Specific  characters. — Corallum  short,  turbinate,  curved.  Epitheca 
thin,  with  encircling  stride,  and  broad  annulations  of  growth.  Calice 
shallow,  everted,  and  much  crushed  ;  section  circular,  central  boss 
slightly  raised  above  the  inner  margin  of  the  primary  septa;  lamellw 
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oonspicaous,  and  as  seen  passing  into  the  centre  of  the  central  area,  in 
wavy  ridges,  and  as  seen  in  transverse  sections,  to  be  intersected  by 
curved  lines,  representing  the  cnt  edges  of  the  tabulae.  Septa  thick, 
and  lamellar  in  the  intermediate  area,  but  becoming  much  more  deli- 
cate and  flexuous  in  the  external  area ;  there  are  iifty-eight  primary, 
and  an  equal  number  of  secondary  septa ;  the  latter  extend  inwards 
from  the  epitheca  for  a  line  and  a  half,  where  they  bend,  and  are 
attached  to  the  primary  septa.  Each  is  laterally  united  by  minute 
angular  interseptal  dissepiments.  Central  area  six  lines  broad, 
formed  by  lamellse,  which  pass  into  the  centre  in  sinuous  plates. 
Septal  fossula  large,  with  three  short  septa  in  it,  and  bound  to  the 
central  area  by  one  of  the  lamellae  which  passes  into  the  fossula, 
and  is  attached  to  one  of  the  primary  septa. 

Height  of  corallum,  1|  inch  ;  diameter  of  section,  1  inch  1  line. 
Position  and  locality. — Found  in  the  band  of  shale  that  overlies 
the  lowest  post  of  limestone  in  Thirdpart  Quarry,  three  miles  south 
of  Beith,  Ayrshire. 

The  author  has  much  pleasure  in  dedicating  this  species  to  Prof. 
Robert  Harkness,  F.R.S.,  &Cj  to  whom  he  begs  to  express  his 
thanks  for  obligations  so  courteously  conferred  when  Prof.  Harkness 
was  a  member  of  his  committee  for  the  investigation  of  the 
mountain  limestone  corals  of  Scotland,  reports  of  which  were  read 
at  several  meetings  of  the  British  Association. 

From  K,  concentricum  this  species  is  distinguished  by  the  smaller 
number  of  the  septa,  by  the  angularity  of  the  interseptal  dissepi- 
ments, by  the  presence  of  three  septa  in  the  fossula,  and  the  much 
smaller  number  of  lamellse  in  the  central  area. 


Kumaiiophyllum  Haimeanum.     Thomson.     Sp,  Nov, 

Plate  I.,  Fig.  4. 

Specific  characters. — Corallum  turbinate,  curved ;  epitheca  thin, 
with  wavy,  encircling  lines  of  growth,  and  shallow  accretion  ridges; 
boss  in  central  area  small,  exert,  and  slightly  raised  above  the 
inner  margin  of  the  septa.  The  septa  in  the  intermediate  area 
are  exert,  and  at  the  outer  margin  are  everted.  Septa  numerous, 
which  are  thin  and  lamellar  in  the  intermediate  area,  but  become 
much  more  delicate  in  the  external  area.  There  are  sixty-two 
primary,  with  an  equal  number  of  secondary  septa ;  each  is  laterally 
united  by  numerous  irregular,  angular,  interseptal   dissepiments. 
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Central  area,  5^  lines  broad,  and  formed  by  fourteen  lamellse,  and 
in  a  transverse  section  are  seen  to  converge  from  its  margin  to  its 
centre  in  sinuous  or  wavy  plates,  and  are  attached  to  the  inner 
margin  of  the  primary  septa  by  a  system  of  plates  which  are  seen  to 
bend  downwards.  The  septal  fossula  is  small,  and  has  a  single 
septum  one  line  shorter  than  the  others  included  within  it. 

Height  of  corallum,  IJ  inch.  There  is  a  small  portion  of  the 
inferior  extremity  awanting.     Diameter,  1  inch  8  linea 

Position  and  locality. — Found  in  the  band  of  shale  that  overlies 
the  lowest  post  of  limestone  in  Langside  Quarry,  two  miles  east 
of  Beith,  Ayrshire. 

I  have  great  pleasure  in  dedicating  this  species  to  the  late  Julius 
Haimes,  the  distinguished  French  zoologist. 

This  species  is  distinguished  from  R.  Harknessi  by  ihe  small 
septal  fossula,  by  the  presence  of  only  one  septum  in  the  fossula,.  by 
the  greater  number  of  lamelke  in  the  central  area,  and  the  system 
of  intermediate  plates  that  unite  the  inner  margin  of  Uie  primary 
septa  to  the  central  area ;  from  K.  concerUricum,  by  the  small 
interseptal  fossula,  by  the  form  and  arrangement  of  the  interseptai 
dissepiments,  and  by  the  smaller  central  area. 


Kumaliophyllum  OctolameUiforme,    Thomson.     Sp*  Nov. 

Plate  I.,  Figs.  5  and  5a. 

Specific  characters. — Corallum  cono-cylindrical,  moderately  tall, 
curved ;  epitheca  thin,  with  minute,  waVy,  encircling  lines  of  growth 
and  shallow  accretion  ridges  ;  calice  circular,  shallow,  and  everted  ; 
columellarian  space  small.  In  a  transverse  section  the  septa  are 
seen  to  be  thin  and  lamellar  in  the  intermediate  area,  but  delicate  and 
more  or  less  flexuous  in  the  external  area.  There  are  fifty-six  prim- 
ary, and  an  equal  number  of  secondary  septa ;  the  latter  are  short, 
and  pass  inwards  from  the  epitheca  for  about  one  line  ;  they  then 
bend  and  become  attached  to  the  primary  septa,  and  each  is  later- 
ally united  by  numerous  interseptal  dissepiments,  which  are  more 
or  less  rectangular.  Central  area  5J  lines  broad,  and  formed  by 
eight  lamellae,  which  are  flexuous  and  pass  to  the  centre. 

Septal  fossula  moderately  large,  and  two  of  the  primary  septa 
shorter  than  the  others  in  it. 

In  the  longitudinal  section  are  seen  several  irregular  and  discon- 
tinuous columellarian  lines,  and  each  is  united  by  concave  tabuls. 
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The  intermediate  area  ("  or  interlocular  area'*)  is  closed  in  by  convex 
tabula.  The  outer  area  (''or  interseptal  area '*)  is  broad,  and  occu- 
pied by  lenticular,  irregular,  convex  cells ;  convexity  upwards  and 
inwards,  and  arranged  in  oblique  rows. 

Height  of  corallum,  4  inches  ;  diameter,  1  inch  6  lines. 

Position  and  locality. — Found  in  the  band  of  shale  that  overlies 
the  lowest  post  of  limestone  in  Langside  Quarry,  two  miles  east  of 
Beith,  A3rrshire. 

This  species  is  readily  distinguished  from  the  preceding  forms 
by  the  broader  interseptal  spaces,  and  the  loose,  more  or  less  rec- 
tangular interseptal  dissepiments,  by  the  form  and  arrangement  of 
the  septal  fossula,  and  by  the  small  central  area,  and  the  lamella) 
beiag  less  numeroos. 


KummiiophyUmm  EthertdgL    Thomson.     Sp.  Nov. 

Hate  L,  Fig.  6. 

Specific  characters. — Corallum  impet*fect ;  epitheca  thin,  and 
marked  with  irregular  accretion  ridges  ;  septa  stout  and  numerous, 
there  are  sixty  primary,  and  lamellar  for  half  their  length  from  the 
inner  margins ;  there  they  become  much  more  delicate,  assume  a 
more  or  less  dendriform  aspect,  and  almost  lost  in  the  dense  vesicular 
tissue  near  the  outer  margin.  There  are  an  equal  number  of  minute 
secondary  septa,  but  they  are  so  small  that  they  can  scarcely  be  dis- 
tinguished in  the  dense  vesicular  tissue  that  they  intersect.  The 
dissepiments  of  the  external  area  are  numerous,  angular,  and  close 
set ;  while  those  in  the  intermediate  area  are  scarce  and  rectangular. 
Central  area  seven  lines  broad.  The  lamellae  are  seen  passing  to  the 
centre  in  wavy  or  bending  lines  ;  on  either  side  of  the  septal  fossula 
several  of  the  lamellae  are  seen  folding  round  and  forming  two  more 
or  less  ovular  cells  ;  septal  fossula  distinct,  with  one  septum  shorter 
in  it. 

Height  of  corallum  unknown,  it  being  imperfect.  Specimen  1  inch 
in  length  ;  diameter  of  section  1  inch  4  lines. 

Position  and  locality. — Found  in  a  bed  of  shale  that  overlies  the 
lowest  post  of  limestone  in  Thirdpart  Quarry,  three  miles  south  of 
Beith,  Ayrshire. 

This  species  is  distinguished  from  the  preceding  species  by  the 
form  and  arrangement  of  the  vertical  lamellae  in  the  central  area, 
and  the  dendriform  aspect  the  vesicular  tissue  assumes  in  the 
external  area. 

Vol  X.— No.  2.  s 
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I  have  named  the  species  in  honour  of  Robert  Etheridge,  Sen., 
Esq.,  F.R.S.,  &C.,  Palaeontologist  in  the  Museum  of  Practical 
Geology,  JermTn  Street,  London* 

KunuUlophi^um,  Davidsanu     Thomeon.     Sp.  Xov. 

PUte  L,  Fig.,7. 

Specific  characters. — Corallum  cono-cylindrical,  tall,  straight ;  epi- 
theca,  thin,  mammalated;  and  deep,  irregular  accretion  ridges;  calice 
awanting,  section  circular;  septa  numerous  and  delicate,  and  lamellar 
for  21  lines  in  the  intermediate  area.  In  the  outer  area  they  are 
thin  and  fl'exuous,  and' scarcely  distinguishable,  being  almost  lost 
in  the  dense  interseptal  vesicular  tissue.  There  are  seventy-two 
primary,  and  an  equal  number  of  secondary  septa.  The  latter  pass 
inwards  for  2 J  lines  from  the  epitheca;  there  they  bend,  and  be- 
come attached  to  the  primary  septa.  Each  is  laterally  united  by 
numerous  minute  angular  inteneptal  dissepiments.  Central  area 
elliptical,  1\  lines  long  and  5  lines  broad,  exhibiting  the  cut  ends  of 
twenty  vertical  lamellae,  which  pass  into  the  centre  in  wavy  lines, 
and  united  by  deep  concave  plates  or  the  cut  edges  of  the  concave 
tabula,  and  are  attached  to  the  inner  margin-  of  the  primary  septa 
by  minute  plates. 

Septal  fossula  smalV,  with  two  short  septa  in  it ;  they  are  about 
one  line  shorter  than  the  other  primary  septa.  Height  of  corallum 
6|  inches,  imperfect,  a  portion  of  the  sujierior  extremity  awanting. 
Diameter  of  section,  1  inch  8  lines. 

Position  and  locality. — Found  in  a  band  of  shal'e  which  overlies 
the  lowest  post  of  limestone  in.  Thirdpart  Quarry,  three  miles  south 
of  Beith,  Ayrshire. 

I  have  much  pleasure  ill  naming  this  species  in  honour  of  Thomas 
Davidson,  Esq.,  F.R.S.,  <fec.,  Brighton,  to  whom  I  beg  to  express  my 
thanks  for  all  his  kindness  and' valuable  assistance  in  the  namihg  of 
ipy  Brachiopoda. 

Genus  RHODopevLLUMv.    Thomson.,* 

Bhodophyllum  Rdmeri,     Thomson.     Sp,  Nov* 

Plate  II.,  Figs.  1  and  !▲. 

.  Specific  characters. — CoraUum  tall,  cylindroroonical,  and.  slightly 
curved ;  epitheca  thin,  with  encircling  lines,  which  are  more  or 
less  crenulate,  and  deep  narrow  accretion  ridges ;  calice  circular, 

•  Rhodophyllam,  Thomson,  Oeol  Mag.,  Dec.  2,  VoL  I.,  p.  667,  pL 
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shallow,  and  everted.  The  boss  in  the  central  area  is  slightly 
raised  above  the  inner  margin  of  the  primary  septa.  Septa  num- 
erous and  thin,  and  exhibiting  lamellae  for  half  their  length  from 
their  inner  margins.  In  the  outer  area  they  are  much  thinner  and 
flexuous.  There  are  seventy-four  primary,  and  an  equal  number  of 
minute  secondary  septa.  The  latter  pass  inwards  from  the  epi- 
theca  for  two  lines ;  they  then  bend  and  become  attached  to  the 
primary  septa,  and  are  almost  lost  in  the  dense  vesicular  tissue 
of  the  outer  zone.  In  a  transverse  section  the  centraj  area  is 
seen  to  be  composed  of  the  cut  edges  of  the  vertical  lamellae,  which 
are  more  or  less  convolute.  In  the  intermediate  ("  interlocular 
area")  are  seen  the  cut  edges  of  the  convex  tabulae,  and  in  the 
outer  (or  "interseptal  area")  are  seen  numerous  minute  and  angular 
interseptal  dissepiments.  In  the  longitudinal  section,  in  the  cen- 
tral area,  the  vertical  columellarian  lines  are  discontinuous  and 
wavy,  and  united  by  concave  tabulae.  The  intermediate  area  is 
distinct,  and  composed  of  convex  tabulae,  and  the  outer  zone  is 
formed  of  minute  lenticular  and  convex  cells— convexity  upwards 
and  inwards,  and  arranged  in  oblique  rows.  The  interseptal 
fossula  is  small,  distinct,  and  contains  one  septum  in  it  which  is 
two  lines  shorter  than  the  others.  Height  ef  corallum,  6^  inches ; 
diameter.  If  inch. 

Position  and  locality. — Found  in  a  band  of  shale  that  overlies  the 
lowest  post  of  limestone  in  Langside  Quarry,  two  miles  east  of  Beith, 
Ayrshire. 

H,  Jiomeri  is  distinguished  from  R,  Craigtomum*  by  its  stronger 
lamellar  septa,  by  the  presence  of  a  single  septum  in  the  fossula,  by 
the  fact  that  the  vesicular  tissue  in  the  interseptal  area  is  not  so 
abundant,  and  the  lamellae  and  tabulae  in  the  central  area  are  not 
so  dense ;  and  from  JR.  PhiUipsianum,  by  the  fact  that  the  septa  are 
more  numerous,  by  the  vesicular  tissue  in  the  outer  area  being  in 
greater  abundance,  and  the  lamellae  are  fewer  in  number,  aind  the 
central  area  considerably  broader. 

This  intermediate  species  between  Craigianum  and  R,  PhUlip- 
sianum,  I  have  much  pleasure  in  naming  in  honour  of  Pro£ 
Ferdinand  Homer,  of  Breslau. 

RhodophyUum  Reticulaium.     Thomson.     Sp,  N'ov, 

Plate  IL,  Figs.  2  and  2a. 
Specific    characters. — Corallum  cylindri-conical,  tall,  moderately 

•  Bhodophyllom  Craigianum,  Qeol  Mag.,  Dec.  2,  Vol  L,  p.  657,  pi.  xx. 
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carved;  calioe  imperfecfc,  elliptioal,  everted  in  the  intermedhto 
area,  and  thin  at  the  outer  margin ;  .columellarian  boss  prommenty 
and  crowned  by  Bhort  subconvolute  lamellse;  epitheca  thin,  with 
fine  crenulate  encircling  striae  and  shallow  annulations  of  growth* 
The  septa  are  stout  in  the  interlocular  area,  and  lamellar  for  half 
their  length  from  the  inner  margin ;  there  they  become  thin^  and 
slightly  flexuous  in  the  outer  area.  There  are  fifty-eight  primaij 
septa,  and  an  equal  number  of  short  secondary  septa,  which  pwni 
inwards  from  the  epitheca  for  1^  line,  and  bend,  and  are  attached 
to  the  primary  septa.  Each  is  laterally  united  by  angular  inteiv 
septal  dissepiments.  Central  area  eight  lines  broad  at  the  widest^ 
and  six  lines  broad  at  the  narrowest,  and  the  cut  ends  of  tlitt 
vertical  lamellie  are  seen  short  and  subconvolute.  In  the  longilvv 
dinal  section  the  central  area  is  seen  to  occupy  a  third  of  thft 
width  of  the  corallum,  and  the  columellarian  lines  are  delifntey. 
irregular,  and  discontinuous,  and  united  by  minute  concave  tabidiV . 
which  in  a  transverse  section  are  seen  to  be  more  or  less  zetioalsfci^ 
and  from  which  I  take  the  specific  name.  The  intermediate  (**intig 
locular  area")  is  composed  of  irregular  convex  tabulae.  The  ak* 
temal  area  is  composed  of  irregular  convex  cells,  which  are  aRsngnd. 
in  oblique  rows.  Septal  fossula  with  one  septum  2j^  lines  Bbiuimt 
than  the  others  in  it. 

Position  and  locality. — Found  in  the  band  of  shale  that  av^a^m 
the  lowest  post  of  limestone  in  Langside  Quarry,  two  miles  east  ot 
Beith,  Ayrshira 

This  species  is  sufficiently  distinct  from  the  preceding  forms  by 
the  reticulate  aspect  of  the  central  area,  and  by  the  fact  that  the 
septa  are  not  so  numerous^  and  they  are  stouter  in  the  interlocakr 
area. 


^-^^^o^rwous  Corals. 
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EXPLANATION  OF  THE  PLATES. 


Plate  L 

Fig.   1. — Transverse   section    of  ^  Kumatiophyllum   eoncentricwm,     Thomson. 
Lower  carboniferons.    Langside,  Beith,  Ayrshire. 

Fig.  1a. — Longitudinal  section  of  the  same. 

Fig.  2. — A  young  example  o£  KumcUiophjfUum  eoncerUricum, 

Fig.  2a. — Calice  of  the  same,  showing  the  wavy  lamells  in  the  central  area. 

Fig.  3. — Calioe  ot  KumaUophyUum  Harknuai^  Thomson. 

Fig.  3a. — A  transverse  section  of  the  same.    Lower  carboniferous.     Thirdpart, 
Beith,  Ayrshire. 

Fig.  4. — A  transverse  section   of    Kumatiophyllum    ffaimecmum,  Thomson. 
Lower  carboniferous*    Langside,  Beith,.Ayrshire. 

Fig.  5. — A  transverse  section  ef  Kumatiophyllum  OaolamelUforme,  Thomson. 
Lower  carboniferous.    Langside,  Beith^  Ayrshire. 

Fig.  5a. — A  longitudinal  section  of  the  same. 

Fig.  6. — A  transverse  section  of  KumcUiophyUum  Mheridgiy  Themson.     Lower 
carboniferous.    Thirdpart,  Beith,  Ayrshire. 

Fig.  7. — A  transverse  section  of  Kumatiophyllum  Davidaoniy  Thomson.    Lower 
carboniferous.    Thirdpari,  Beith,  Ayrshire. 

Plate  IL 

Fig.  1. — A  transverse   section  of  RhodophyUum  Kdmeri,  Thomseo.      Lower 
carboniferous.    Langside,  Beith,  Ayrshire. 

Fig.  1a. — A  longitudinal  section*  of  the  same. 

Fig.  2. — A  transverse  section  of  i?/io(iopAyUtfm  reUcukUuMf  Thomson. 

Fig.  2a. — A  longitudinal  section  of  the  same.    Lower  carboniferous.    Langside, 
Beith,  Ayrshire. 

Fig.  3a. — RhodophyUum  timpleXf  Thomson. 

Fig.  3. — ^A  transverse  section  of  the  same.    Lower  oarlxmileroaa.    Brockley, 
Lesmahagow. 
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PATENTS  FOR  INVENTIONS. 


The  Committee  appointed  at  the  Meeting  of  10th  January,  1877, 
Sir  William  Thomson  presiding,  nnanimously  resolved,  on  the 
motion  of  the  President,  that  the  following  petitions  to  the  Lord 
Chancellor  and  to  the  two  Houses  of  Parliament  be  adopted  : — 

Unto  Uie  Right  Honourable  Hugh  M'Calmont  Baron  Cairns, 
of  Garmoyle,  in  the  County  of  Antrim,  Lord  High 
Chancellor  of  Great  Britain.  The  Memorial  and 
Petition  of  the  Philosophical  Society  of  Glasgow, 

Humbly  Sh^weth^  That  the  Philosophical  Society  of  Glasgow, 
consisting  of  upwards  of  600  Members,  being  persons  engaged  in 
the  Arts,  Manufactures,  Trade,  and  Commerce  of  the  City  of 
Glasgow  and  West  of  Scotland,  have  taken  a  deep  interest  in  the 
proposed  Legislation  on  the  subject  of  Letters  Patent  for  Inven- 
tions, and  have,  both  at  special  meetings  of  the  Society  and  through 
a  special  committee  appointed  to  deal  with  the  subject,  given  much 
consideration  to  the  measures  for  amending  the  Law  of  Patents  for 
Inventions,  brought  before  Parliament  by  your  Lordship,  and  to 
the  various  proposals  and  suggestions  regarding  such  Patents  which 
have  come  before  them  from  other  sources. 

That  by  «  resolution  of  the  Society,  it  has  been  determined  to 
approach  your  Lordship  with  the  respectful  request  that  in  the 
event  of  your  Lordship  bringing  a  Bill  before  Parliament  during 
the  ensuing  Session  for  the  Amendment  of  the  Law  relating  to 
Patents  for  Inventions,  your  Lordship  may  be  pleased  to  include 
in  such  Bill  provisions  decUing  with  the  following  matters,  that  is 
to  say: — 

(1.)  Provisions  for  reducing  the  present  Stamp  Duties  and  Patent 
OfBce  Fees,  which  are  unnecessarily  oppressive,  and  operate  to  dis- 
courage the  publication  of  useful  Inventions.  Many  Inventors 
prefer  to  carry  on  their  Inventions  with  as  much  secrecy  as  possible. 
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instead  of  purchasing  protection  at  so  heavy  a  cost.  The  charges 
ought  in  conformity  w^ith  the  Report  of  the  Select  Committee  on 
Letters  Patent,  187-2,  Clause  10,  te  be  so  adjusted  as  to  encourage 
Inventors  to  the  utmost  to  make  known  their  Inventions.  The 
increase  in  the  -number  of  ^applications  would  compensate  for  the 
reduction  of  the  scale  of  chcurges,  and  still  leave  ample  enough 
funds  for  making  the  Patent  Office  publications — what  they  ought 
to  be — a  complete  and  well  arranged  record  of  "the  progress  of 
Industrial  Invention,  and  for  improving  the  .present  establbhment 
for  the  conduct  of  Patent  business. 

(2.)  A  Provision  fer  extending  the  term  of  Letters  Patent  to  at 
least  twenty-one  years-;  the  present  term  of  fourteen  years  is  too 
short  for  the  development  of  by  far  the  most  important  Inventions, 
or  for  the  remunerati(m  of  the  Inventors.  In  the  event  of  this 
extension  of  the  term  to  twenty-one  years,  the  periods  for  payment 
of  the  taxes  ought  to  be  postponed  to  the  seventh  and  fourteenth 
years  of  the  Patent. 

(3.)  Provisions  for  securing  an  efficient  .preliminary  examination 
of  all  applications  for  Letters  Patent,  with  the  view  of  drawing  the 
attention  of  the  applicant,  and  to  warn  the  public  with  respect  to 
what  stands  recorded  in  previous  Specifications,  thereby  enabling 
the  applicant  to  avoid  the  risk  of  re-patenting  what  may  appear  to 
have  been  already  patented,  or  in  case  he  resolves  on  proceeding,  to 
guard  the  public  against  possible  loss  or  inconvenience.  Bu£  your 
Memorialists  do  not  suggest  entrusting  to  any  Examiners  the  power 
of  rejecting  applications,  either  on  the  ground  of  apparent  want  of 
novelty  or  on  any  other  ground.  The  power  of  rejecting  applica- 
tions should  be  vested  in  the  Commissioners  of  Patents,  to  whom 
in  all  cases  the  applicant  should  have  right  of  appeal. 

(4.)  A  Provision  abolishing  the  present  "  Notice  to  Proceed"  as 
serving  no  useful  purpose  and  creating  unnecessary  expense.  The 
filing  of  the  Complete  Specification  should  form  the  ''Notice  to 
Proceed."* 

(5.)  Provisions  extending 'the  time  of  paymenEt  of  taxes  by  allow- 
ing a  certain  period  of  grace  within  which  they  may  be  paid,  with 
addition  of  a  reasonable  penalty,  instead  of  making  the  lapse  of  the 
Patent  the  unavoidable  consequence  of  failure  to  pay  on  the  day 
the  tax  is  due.  Patentees  who  happen  to  be  abroad  are  frequently 
deprived  of  their  Patents  by  the  rigour  of  the  present  system,  and 
can  be  reinstated  only  by  Act  of  Parliament. 

(6.)  Your  Memorialists  respectfully  urge  that  the  present  system 
of  granting  Protection  on  the  filing  of  a  Provisional  Specification 
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ought  not  to  be  aboUslie<L  The  present  system  gives  the  Inventor 
the  opportunity  of  openly  testing  and  of  maturing  his  Invention 
before  committing  himself  to  the  precise  details  and  additional 
expense  of  a  Complete  Specification  and  Drawings;  and  the 
benefit  to  the  public  of  having  the  Invention  communicated  to 
them  in  its  maturest  form,  and  with  the  whole  results  of  practical 
working  on  the  large  sctJe  is  very  greal  The  relation  between  the 
Provisional  and  Final  Specification,  however,  ought  to  be  ascer- 
tained by  a  proper  declaratory  enactment.  It  is  suggested  by  your 
Memorialists  that  if  the  Invention,  as  ultimately  developed  and 
described  in  the  Final  Specification,  comes  fairly  within  the  Title 
granted,  tiiere  is  no  reason  for  demanding  that  the  Final  Specifica- 
tion shall  contain  nothing  but  what  is  merely  exegetical  amplifica- 
tion of  the  Provisional.  The  six  montha  are  allowed  for  the  very 
purpose  of  improving  the  Invention,  and  the  public  get  the  benefit 
of  any  improvement;  it  \s  contrary  to.  the  purpose  of  allowing  the  six 
months  for  impre.ving  the  Invention,  to  insist  that  in  the  end  the 
Final  Specification  shall  contain  nothing  that  is  not  substantially  in 
the  ProvisionaL  It  is  enough  that  the  Final  Specification  should 
still  remain  within  the  limits  of  the  Title  as  allowed  by  the  Law 
OfBcer  on  the  basis  of  the  Provisional  Specification. 

Your  Memorialists,  therefore,  humbly  pray  that  your  Lord- 
ship will  embody  the  suggestions  they  venture  to  make, 
in  any  Bill  which  your  Lordship  may  bring  before  Parlia- 
ment for  the  Amendment  of  the  Ijaw  relating  to  Letters 
Patent  for  Inventions,  and  your  Memx>rialista,  as  in  duty 
bound,  will  ever  pray. 

(Signed)    WILLIAM  THOMSON,.  LL.D.,  F.RS.,  Fremdeni, 

Pto/usok  of  Natural  PJiiiosophy  in  the  University  of  Olasgow,  and 
Fellow  qfSt,  Peter's  College,  Cambridge, 

(Sigaed)  WILLIAM  KEDDIE,  F.R.S.E^ 

Secretary, 


Paients  for  InverUions.  263 


Unto  tlie  Eight  Honourable  A$  Lori>s  Spiritital  and  Tem- 
poral in  Parliament  assembUd.  The  Humble  Petitiok  of 
the  Philosophical  Sooiett  of  Glasgov, 

Slieweth,  That  the  PhiloBophieal  Society  oi  Glasgow^,  consisting 
of  upwards  of  600  Members,  being  persons  engs^ed  in  the  Arts, 
Manufactures,  Trade  and  Commerce  of  the  City  of  Glasgow  and 
West  of  Scotland,  haye  tarken  a  deep  interest  in  the  proposed 
Legislation  on  the  subject  of  Letters  Patent  for  Inrentions,  and 
have,  both  at  special  meetings  of  the  Society,  and  through  a  special 
committee  appointed  to  deal  with  the  subject,  given  much  con- 
sideration to  the  measures  for  amending  the  L»w  of  Patents  for 
Inventions  brought  before  Parliament  in  previous  Sessions,  and  to 
the  various  proposals  and  suggestions  regarding  such  Patents,  which 
have  come  before  them  from  other  sources. 

That  by  a  resolution  of  the  Society  it  has  been  determined  to 
approach  your  Lordships  with  the  pnayer  that,  in  the  event  of  any 
Bill  being  brought  before  PaA'liainent  during  the  ensuing  Session 
for  the  Amendment  of  the  Law  relating  to  Patents  £or  Inventiens, 
your  Lordships  may  be  pleased  to  include  in  such  Bill,,  and  pass 
into  law,  provisions  dealing  wilh  the  following  maiiexs,  that  is 
to  say : — 

(1.)  Provisions  for  reducing  the  present  Stamp  Duties,  and  Patent 
Office  Fees,  which  are  unnecessarily'  oppressive,  and  operate  to 
discourage  the  publication  of  useful  Inventions.  Many  Inventors 
prefer  to  carry  on  their  Inventions  with  as  much  secfecy  as  possible, 
instead  of  purchasing  protection  at  so  heavy  a  cost.  The  charges 
ought,  in  conformity  with  the  Report  of  the  Select  Committee  on 
Letters  Patent,  1872,  Clause  10,  to  be  so<  adjusted  as  to  encourage 
Inventors  to.  the  utmost  to  make  known  their  Inventions.  The 
increase  in  the  number  of  applica^ons  would  compensate  for-  the 
reduction  of  ihe  scale  of  charges,  and  still  leatve  ample  enough  funds 
for  making  the  Patent  Office  publications'— whai)  they  ought  to>be— 
a  complete  and  well  arranged  record  of  the  progress  of  Industrial 
Invention,  and  for  improving  the  present  establishment  for  the 
conduct  of  Patent  business. 

(2.)  A  Provision  for  extending  the  term  of  Lettets  Patent  to  at 
least  twenty-one  years.  The  present  term  of  fourteen  years  is  too 
short  for  the  development  of  by  for  the  most  important  Inventions, 
or  for  the  remuneration  of  the  Inventors.    In  the  event  of  this 
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extension  of  the  term  to  twenty-one  years,  the  periods  for  payment 
of  the  taxes  ought  to  be  postponed  to  the  seventh  and  fourteenth 
years  of  the  Patent. 

(3.)  ProTisions  for  securing  an  efficient  preliminary  examination 
of  all  applications  for  Letters  Patent,  with  the  view  of  drawing  the 
attention  of  the  applicants,  and  to  warn  the  public  with  respect  to 
what  stands  recorded  in  previous  Specifications,  thereby  enabling 
the  applicant  to  avoid  the  risk  of  re-patenting  what  may  appear  to 
have  been  already  patented,  or  in  case  he  resolves  on  proceeding  to 
guard  the  public  against  possible  loss  or  inconvenience.  But  your 
Petitioners  do  not  suggest,  but,  on  the  contrary,  would  deprecate 
the  entrusting  to  any  Examiners  of  the  power  of  rejecting  applica- 
tions, either  on  the  ground  of  apparent  want  of  novelty,  or  on  any 
other  ground.  The  power  of  rejecting  applications  should  be  vested 
in  the  Commissioners  of  Patents,  to  whom,  in  all  cases,  the  applicants 
should  have  right  of  appeal. 

(4.)  A  Provision  abolishing  the  present  "  Notice  to  Proceed  "  as 
serving  no  useful  purpose  and  creating  unnecessary  expense.  The 
filing  of  the  Complete  Specification  should  form  the  ''Notice  to 
Proceed." 

(5.)  Provisions  extending  the  time  of  payment  of  taxes,  by 
allowing  a  certain  period  of  grace  within  which  they  may  be  i>aid, 
with  addition  of  a  reasonable  penalty,  instead  of  making  the  lapse 
of  the  Patent  the  unavoidable  consequence  of  failure  to  pay  on  the 
day  the  tax  is  due.  Patentees  who  happen  to  be  abroad  are  fre- 
quently deprived  of  their  Patents  by  the  rigour  of  the  present 
system,  and  can  be  reinstated  only  by  Act  of  Parliament. 

(6.)  Your  Petitioners  respectfully  urge  that  the  present  system 
of  granting  protection  on  the  filing  of  a  Provisional  Specification 
ought  not  to  be  abolished.  The  present  system  gives  the  Inventor 
the  opportunity  of  openly  testing  and  of  maturing  his  Invention 
before  committing  himself  to  the  precise  details  and  additional 
expense  of  a  Complete  Specification  and  Drawings ;  and  the  benefit 
to  the  public  of  having  the  Invention  communicated  to  them  in  its 
maturest  form,  and  with  the  whole  results  of  practical  working  on 
the  large  scale  is  very  great.  The  relation  between  the  Provisional 
and  Final  Specification,  however,  ought  to  be  ascertained  by  a 
proper  declaratory  enactment.  It  is  humbly  suggested  by  your 
Petitioners,  that  if  the  Invention,  as  ultimately  developed  and 
described  in  the  Final  Specification,  comes  fairly  within  the  Title 
granted,  there  is  no  reason  for  demanding  that  the  Final  Specifica- 
tion shall  contain  nothing  but  what  is  merely  exegetical  amplifier- 
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tion  of  the  Provisional.  The  six  months  are  allowed  for  the  very 
purpose  of  improving  the  Invention,  and  the  public  get  the  benefit 
of  any  improvement ;  it  is  contrary  to  the  purpose  of  allowing  the 
six  months  for  improving  the  Invention  to  insist  that  in  the  end 
the  Final  Specification  shall  contain  nothing  that  is  not  substantially 
in  the  Provisional.  It  is  enough  that  the  Final  Specification  should 
still  remain  within  the  limits  of  the  Title  as  settled  by  the  Law 
Officer  on  the  basis  of  the  Provisional  Specification. 


Your  Petitioners,  therefore,  humbly  pray  that  your  Lordships 
will  embody  the  suggestions  they  venture  to  make  in  any 
Bill  which  may  be  brought  ^^efore  Parliament  during  this 
Session,  for  the  Amendment  of  the  Law  relating  to  Letters 
Patent  for  Inventions,  and  your. Memorialists,  as  in  duty 
bound,  will  ever  pray. 

(Signed)     WILLIAM  THOMSON,  LL.D.,  F.R.S.,  President, 

Professor  of  Natural  Philosophy  in  the  University  of  Glasgow,  and 
Fellow  qf  Si.  Peter's  College,  Cambridge, 

(Signed)  WILLIAM  KEDDIE,  F.R.S.K,  ^ 

Secretary, 


266  Philosophical  Society  of  Glasgow. 


UfUo  tlie  Honourable  the  Kniohts,  Citizens,  and  Burgesses 
of  the  United  Kingdom  of  Great  Britain  and  Ireland 
in  ParliamerU  ossenMed,  The  Humble  Petition  of  the 
Philosophical  Sogiett  of  Glasgow, 

Shewethy  That  the  Philosophical  Society  of  Glasgow,  consisting 
of  upwards  of  600  Meiabers,  being  persons  engaged  in  the  Arts, 
ManufjEUitures,  Trades,  and  Commerce  of  the  City  of  Glasgow  and 
West  of  Scotland,  have  taken  a  deep  interest  in  the  proposed 
Legislation  on  the  subject  of  Letters  Patent  for  Inventions,  and 
have,  both  at  special  meetings  of  the  Society  and  through  a 
special  committee  appointed  to  deal  with  the  subject,  given  much 
consideration  to  the  measures  for  amending  the  Law  of  Patents  for 
Inventions  brought  before  Parliament  in  previous  Sessions,  and  to 
the  various  proposal»and  suggesticAS-  regarding  such  Patents  which 
have  come  before  them  from  other  sources. 

That  hy  a  resolution  of  the  Society,,  it  has  been  determined  to 
approach  your  Honourable  House  with  the  prayer  that,  in  the 
event  of  any  Bill  being  brought  before  Parliament  during  the 
ensuing  Session  for  the  Amendment  of  the  Laws  relating  to  Patents, 
your  Honours  may  be  pleased  to  include  in  such  Bill,  and  pass 
into  law,  provisions  dealing  with  the  following  matters,  that  is  to 
say  :— 

(1.)  Provisions  for  reducing  the  present  Stamp  Duties  and 
Patent  Office  Fees,,  which  are  unnecessarily  oppressive,  and  operate 
to  discourage  the  publication  of  useful  Inventions.  Many  Inventors 
prefer  to  carry  on  their  Inventions  with  as  much  secrecy  as  possible 
instead  of  purchasing  protection  at  so  heavy  a  cost.  The  charges 
ought,  in  conformity  with  the  Report  of  the  Select  Committee  on 
Letters  Patent,  1872,  Clause  10,  to  be  so  adjusted  as  to  encourage 
Inventors  to  the  utmost  to  make  known  their  Inventions.  The 
increase  in  the  number  of  applications  would  compensate  for  the 
reduction  of  the  scale  of  charges,  and  still  lea^e  ample  enough  funds 
for  making  the  Patent  Office  publications^ — what  they  ought  to  be 
— a  complete  and  well  arranged  recovd  of  the  progress  of  Industrial 
Inventions,  and  far  improving  the  present  establishment  for  the 
conduct  of  Patent  business. 

(2.)  A  Provision  for  extending  the  term  of  Letters  Patent  to  at 
least  twenty-one  years.  The  present  term  of  fourteen  years  is  too 
short  for  the  development  of  by  far  the  most  important  Inventiona 
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or  for  the  remuneration  of  the  Inventors.  In  the  event  of  this 
extension  of  the  term  to  twenty-one  years,  the  periods  for  payment 
of  the  taxes  ought  to  be  postponed  to  the  seventh  and  fourteenth 
years  of  the  Patent. 

(3.)  Provisions  for  securing  an  efBcient  preliminary  examination 
of  all  applications  for  Letters  Patent,  with  the  view  of  drawing  the 
attention  of  the  applicants,  and  to  warn  the  public  with  respect  to 
what  stands  recorded  in  previous  Specifications,  thereby  enabling 
the  applicant  to  avoid  the  risk  of  re-patenting  what  may  appear  to 
have  been  already  patented,  or  in  case  he  resolves  on  proceeding  to 
guard  the  public  against  possible  loss  or  inconvenience.  But  your 
Petitioners  do  not  suggest,  but,  on  the  contrary,  would  deprecate  the 
entrusting  to  any  Examiners  of  the  power  of  rejecting  applications 
either  on  the  ground  of  apparent  want  of  novelty,  or  on  any  other 
ground.  The  power  of  rejecting  applicati<His  should  be  vested  in 
the  Commissioners  of  Patents,  to  whom,  in  all  cases,  the  applicants 
should  have  right  of  appeal. 

(4.)  A  Provision  abolishing  the  present  "  Notice  to  Proceed  **  as 
serving  no  useful  purpose  and  creating  unnecessary  expense.  The 
filing  of  the  Complete  Specification  should  form  the  *^  Kotice  to 
Proceed." 

(5.)  Provisions  extending  the  time  of  payment  of  taxes  by  allow- 
ing a  certain  period  of  grace  within  which  they  may  be  paid,  with 
addition  of  a  reasonable  penalty,  instead  of  making  the  lapse  of 
the  Patent  the  unavoidable  consequence  of  failure  to  pay  on  the  day 
the  tax  is  due.  Patentees  who  happen  to  be  abroad  are  frequently 
deprived  of  their  Patents  by  the  rigour  of  the  present  system,  and 
can  be  reinstated  only  by  Act  of  Parliament. 

(6.)  Your  Petitioners  respectfully  urge  that  the  present 'system 
of  granting  protection  on  the  filing  of  a  Provisional  Specification 
ought  not  to  be  abolished.  The  present  system  gives  the  Inventor 
the  opportunity  of  openly  testing  and  of  maturing  his  Invention 
before  committing  himself  to  the  precise  details  and  additional 
expense  of  a  Complete  Specification  and  Drawings.  And  the  benefit 
to  the  public  of  having  the  Invention  communicated  to  them  in  its 
maturest  form,  and  with  the  whole  results  of  practical  working  on 
the  large  scale  is  very  great.  The  relation  between  the  Provisional 
and  Final  Specification,  however,  ought  to  be  ascertained  by  a 
proper  declaratory  enactment.  It  is  humbly  suggested  by  your 
Petitioners  that  if  the  Invention,  as  ultimately  developed  and 
described  in  the  Final  Specification,  comes  fairly  within  the  Title 
granted,  there  is  no  reason  for  demanding  that  the  Final  8^ec\£fiAc> 
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tion  shall  contain  nothing  but  what  is  merely  exegetical  amplifica- 
tion of  the  Provisional  The  six  months  are  allowed  for  the  very 
purpose  of  improving  the  Invention,  and  the  public  get  the  benefit 
of  any  improvement ;  it  is  contrary  to  the  purpose  of  allowing  the 
six  months  for  improving  the  Invention  to  insist  that  in  the  end 
the  Final  Specification  shall  contain  nothing  that  is  not  substantially 
in  the  Provisional.  It  is  enough  tiiat  the  Final  Specification  should 
still  remain  within  the  limits  of  the  Title  as  settled  by  the  Law 
Officer  on  the  basis  of  the  Provisiopal  Specification. 

Your  Petitioners,  therefore,  humbly  pray  that  your  Honour- 
able House  will  embody  the  suggestions  they  venture  to 
make  in  any  Bill  which  may  be  brought  before  Parliament 
during  this  Session,  for  the  Amendment  of  the  Law 
relating  to  Letters  Patent  for  Inventions,  and  your 
Memorialists,,  as  in  duty  bound,  will  ever  pray. 

(Signed)    WILLIAM  THOMSON,  LL.D.,  F.R.S.,  President, 

Professor  of  Natural  Philosophy  in  the  University  of  Olousgow^  and 
Fellow  qf  SL  Peter's  College^  Cambridge, 

(Signed)  WILLIAM  KEDDIE,  F.R.S.E., 

Secretary. 


PaUnts  for  Inveniions.  269 


Remarha  on  Hie  Glasgow  Philosophical  Society^ s  Memorials  and  Petitions 
of  Jantiary,  1877,  to  the  Lord  Chancellor  and  to  the  two  Houses 
of  Parliameril  regarding  Patent  Ixvw  AmendmenL  By  Sir 
William  Thomson,  LL.D.,  F.KS.,  <fec. 

(1.)  Reduction  op  Stamp  Duties  and  Fees. 

The  Kojal  Commission  appointed  in^  1S62  to  inquire  into  the 
working  of  the  Patent  Law  examined  many  witnesses  on  the 
question  of  cost,  in  the  course  of  their  investigation,  carried  on 
during  the  years  1862,  *63,  '64,  and  on  this  point  they  report  as 
follows  in  1864  : — 

"  Whatever  be  •  the-  scale  of  payment  adopted,  we  find  a  very 
general  expression  of  opinion  that  the  price  to  be  paid  by  Inventors 
in  the  aggregate  should  not  be  more  than  sufficient  to  provide  for 
the  expenses  of  the  Patent  Office,  Library,  and  Museum  ;  and  that 
these  should  be  maintained  in  the  highest  state  of  effioiency,  so  as 
to  give  to  Inventors  the  utmost  facility  for  ascertaining  the  status 
of  every  branch  of  Invention." 

The  Commissioners,  however,  do.  not  adopt  this,  opinion,  but  on 
the  contrary  give  the  following  recommendation  : — 

"  Your  Commissioners  do  not«  find,  that  the  present  cost  of  obtain- 
ing Letters  Patent  is  excessive,  or  the  method  of  payment  incon- 
venient ;  they  do  not  therefore  recommend  any  alteration  of  the 
present  system,  cm  those  points,  but  they  think  that- the  Patent  fees 
should  not  be  made  to  contribute  to  the  general  expenditure  of  the 
State  until  every  reasonable  requirement  of  the  Patent.  Office  has 
been  satisfied." 

But  a  further  investigation  condueted  by  a  Select  Committee  of 
the  House  of  Commons,  appointed  in  1871  and  reappointed  in  1872, 
virtuaUy  reversed  the  first  part  of  thisrecommendation^  and — (with- 
out the  exception  implied  in  the  words  "until  every  reasonable 
requirement  of  the  Patent  Office  has:  been  satisfied") — affirms, 
with  no  limitation  whatever,  the  second  part  of  it,  "that  Patent 
fees  should  not  be  made  to  contribute  to  the  general  expenditure  of 
the  State."  The  conclusion  of  the  Select  Committee  is  thoroughly 
in  accordance  with  the  opinion  which  the  Commissioners  had  found 
to  be  very  generally  entertained,  even  as  early  as  1864,  regarding 
the  cost  of  a  Patent ;  it  is  as  follows  : — 

"  That  the  duties  payable  on  ^Patents  should  be  so  adjusted  sa  1^ 
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encourage  Inventors  to  the  utmost  to  Hiake  known  their  Inventions, 
and  that  their  primary  application  should  be  to  the  purposes  of  a 
complete  and  well  organised  record  of  industrial  progress,  and  to  an 
improved  establishment  for  the  conduct  of  Patent  business." 

Throughout  the  evidence  taken  by  the  Royal  Commissioners  and 
the  Select  Committee  there  seem  but  two  reasons  for  the  mainten- 
ance of  the  present  oppressively  high  scale  of  stamp  duties  on 
Patents.  One  is  that  it  keeps  down  the  number  of  Patents ;  the 
other  that  it  is  payment  for  the  purchase  of  a  monopoly  injurious  to 
the  public  but  lucrative  to  the  Inventor  who  purchases  it, — he 
buys  the  right  to  levy  blackmail  on  the  publk,  and  ovght  not  to  be 
allowed  to  buy  it  too  cheaply. 

More  enlightened  views  as  to  the  beneficence  of  Patents  have 
been  arrived  at  by  the  Select  Committee  of  the  House  of  Commons 
and  expressed  in  their  report  oi  1873,  in  their  first  lour  resolutions, 
which  are  as  follows  : — 

1.  ''  That  the  privilege  conferred  by  Letters  Patent  promotes  the 
progress  of  manufactures,  by  causing  many  important  Inventions  to 
be  introduoed  and  developed  more  rapidly  tiban  would  otherwise  be 
the  case. 

2.  ''  That  the  same  privilege  leads  to  the  introduction  and  publica- 
tion of  numerous  improvements  each  of  a  minor  character,  but  the 
sum  of  which  contributes  greatly  to  the  progress  of  industry. 

3.  '^That  in  the  absence  of  the  protection  of  Letters  Patent,  the 
competition  of  manufacturers  amongst  themselves  would,  doubtless, 
lead  to  the  introduction  of  improved  processes  and  machinery,  but 
that  it  would  probably  be  less  rapid  than  under  the  stimulus  of  a 
Patent  Law. 

4.  "  That  it  does  not  appear  that  the  granting  of  pecuniary 
rewards  could  be  substituted  with  advantage  to  the  public  interest, 
for  the  temporary  privilege  confen*ed  by  Letters  Patent." 

Contrast  the  feeling  expressed  in  these  resolutions  with  that  of 
the  eighth  and  last  ^'  recommendation"  of  the  Royal  Commis- 
sioners : 

''  While  in  the  judgment  of  the  Commissioners  the  changes  above 
suggested  will  do  something  to  mitigate  the  inconveniences  now 
generally  complained  of  by  the  public  as  incident  to  the  working  of 
the  Patent  Law,  it  is  their  opinion  that  these  inconveniences  cannot 
be  wholly  removed.  They  are  in  their  belief  inherent  in  the  nature 
of  a  Patent  Law,  and  must  be  considered  as  the  price  which  the 
public  consents  to  pay  for  the  existence  of  such  a  law." 

There  has  indeed  been  in  the  course  of  the  last  fifteen  years  a 
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great  reaction  of  public  opinion  against  the  application  of  supposed 
free  trade  principles,  which  had  led  many  statesmen  and  political 
economists  for  a  time  to  believe  that  Patent  Law  was  injurious  to 
the  public  and  ought  to  be  abolished,  a  reaction  which  is  well 
illustrated  by  the  change  from  the  generally  hostile  feeling  towards 
Patents  manifested  by  the  Eoyal  Commissioners,  to  the  warmly 
favourable  appreciation  of  Patents  expressed  by  the  Select  Committee. 
An  inevitable  consequence  of  the  Select  Committee's  conclusion  that 
Patents  are  beneficial  to  the  public  was  their  resolution  "  that  the 
duties  payable  on  Patents  should  be  so  adjusted  as  to  encourage 
Inventors  to  the  utmost  to  make  known  their  Inventions."  It 
cannot  he  held  that  the  present  charge  of  £175  fulfils  tins 
condition,  or  that  it  would  be  fulfilled  by  any  charge  exceeding 
that  which  is  necessary  to  pay  the  expenses  of  the  Patent  Office, 
Library,  and  Museum,  and  the  abundant  free  distribution  of 
Specifications,  Abstracts,  and  other  publications  of  the  Patent 
Office  to  public  libraries  in  different  parts  of  the  United 
Kingdom  and  Colonies.  The  present  high  scale  of  fees  is  op- 
pressive to  the  poor  Inventor,  but  is  scarcely  a  hindrance  to, 
certainly  no  adequate  defence  against,  the  rich  man  who  may  think 
he  sees  his  way  to  obtain  advantage  to  himself  by  taking  a  Patent 
injurious  to  the  public  or  to  rivals  in  business.  An  initial  cliarge 
8uffi.cient  to  cover  the  whole  expenses  put  upon  the  Patent  Office 
by  the  granting  of  the  Patent,  with  no  subsequent  payment  unless 
merely  a  small  annual  registration  fee  to  shew  that  the  Patent  is 
sustained,  seems  the  fairest  adjustment.  No  one  could  maintain 
that  it  is  the  injurious  Patents  that  are  "  weeded  out "  by  the  pay- 
ment of  £50  at  the  end  of  the  third  year,  and  £100  at  the  end  of 
the  seventh  year  required  by  the  present  law.  It  is  not  when  the 
Patentee  is  making  money  in  a  manner  or  to  an  extent  detrimental 
to  the  public,  but  when  he  is  making  very  little  money  or  no  money 
by  his  Patent,  that  he  is  unwilling  or  unable  to  make  these 
payments. 

Of  Patents  that  can  be  successful  at  all  it  is  the  most  important — 
those  involving  the  creation  of  new  industries,  or  those  which  have 
so  much  of  novelty  that  the  mental  and  material  inertia  to  be  over- 
come before  they  can  be  brought  into  action  is  unusually  great — 
that  are  least  likely  to  be  making  money  at  the  end  of  the  third  or 
of  the  seventh  years.  A  Patentee  who  is  not  possessed  of  inde- 
pendent means  may  be  forced,  and  often  is  forced,  to  abandon  his 
Patent  because  he  is  unable  to  pay  the  £50  or  the  £100  required  to 
maintain  it ;  or  what  little  means  he  has  is  swallowed  up  in  th^^^ 
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payments,  and  are  not  available  to  him  for  working  out  his  Patent, 
and  making  it  beneficial  to  tke  world,  as  well  as  profitable  to  him- 
self. 

The  fees — or  wither  tases — rf  £30  and  £100  for  continuing  a 
Patent  cannot  be  justified  on  the  ground  of  expenses  incurred,  for 
the  Patent  Office  is  not  put  to  any  additional  expense  by  tLe  Patent 
being  sustained.  While  it  cannot  be  called  hard  upon  the  poor  Inven- 
tor that  he  should  be  required  to  pay  all  expenses  before  his  Patent 
is  granted,  any  additional  payment  required  subsequently  (unless 
merely  for  registration)  is  unjust  alike  to  the  poor  and  to  the  rich. 
It  is  simply  a  plunder  tax.  If  an  Inventor  makes  much  money  by 
his  Patent,,  he  pays  much  income  tax ;  if  he  makes  little  or  no 
money  by  his  Patent,,  he  pays  little  or  no  income  tax  from  it ;  but 
it  is  by  income  tax,  and  by  income  tax  alone,  that  the  Inventor's 
profits  can  be  justly  taxed,  whether  they  be  large  or  whether  they 
be  small.  The  idea  that  he  is  either  to  buy  a  monopoly  originally, 
or  to  pay  for  its.  continuanice,  cannot  be  too  decidedly  condemned. 

(2.)  ExTEZJSioN  OP  Duration  of  Patents  to  at  least 

Twenty-one  Years. 

The  Royal  Commissioners  recommended  "  that  in  no»  case  ought 
the  term,  for  which  a  Patent  is  granted  to  be  extended  beyond  the 
original  period  of  fourteen  years  ;"  but  two  of  their  number,  Messrs. 
Hindmarch  and  Fairbairn  (afterwards  Sir  William  Fairbairn),  dis- 
sented from  this  portion  of  their  report.  The  Select  Committee  of 
the  House  of  Commons  adopted  no  resolution  on  the  subject  of  the 
duration  of  a  Patent,  and  there  was  not  much  evidence  before  the 
Committee  on  the  subject  ;  but  some  that  was  is  of  great  weight, 
as,  for  instance,  that  of  Siemens  (No.  583) : — "  Fourteen  years  is 
really  not  sufficient  time  to  develop  an  important  Invention.  Im- 
portant Inventions  have  generally  proved  valuable  to-  the  Patentee 
only  after  the  lapse  of  the  term  of  the  original  Patent,  when  he  is 
still  in  possession  of  some  Patent  of  improvement;  but  then  his  right 
becomes  rather  a  doubtful  one,  and  I  think  it  would  be  more  desir- 
able to  have  a  longer  period  granted  him  from  the  first,  and  rather 
to  allow  the  Inventor  to  accumulate  strength  in  his  position  than 
to  diffuse  his  strength  over  a  number  of  Patents."  If  evidence  of 
Inventors  and  users  of  Inventions  were  taken,  it  would  indeed  b© 
found  that  fourteen  years  is  not  sufficient  time  to  develop  an  im- 
portant Invention.  In  discussing  Patent  Laws  it  is  too  generally 
forgotten  that  the  public  is  benefited  by  the  Inventor  having  a 
sustained  or  continued  interest  in  his  Invention.    In  many  cases  the 
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public  has  distinctly  lost  the  benefit  of  the  Invention  through 
the  Patent  lapsing  before  the  luventor  has  succeeded  in  getting 
it  brought  into  practice.  If  the  Rev.  Mr.  Stirling  of  Galston 
had  in  1817  obtained  a  thirty  years*  Patent  for  his  regenerator, 
it  is  most  probable  that  he,  or  the  inheritors  of  his  Patent 
right,  would  have  given  to  the  public  the  benefits  now  deriired 
from  Siemens's  gas  furnace  long  before  the  time  when  they  were 
given  by  this  excellent  Invention.  It  is  only  within  the  last 
ten  years  that  the  consumption  of  coal  has  been  halved  in  the 
generality  of  ocean-going  steamers  by  the  compound  engine,  but 
if  James  Watt  could  have  taken  a  Patent  for  fifty  years,  this  advan- 
tage would  almost  certainly  have  been  secured  to  the  public  in  the 
very  beginning  of  steam  navigation. 

The  more  ignorant  class  of  manufacturers  and  capitalists  look 
upon  Patentees  and  Patents  as  obstructive  nuisances,  or  as  incon- 
venient disturbers,  according  as  they  believe  it  for  their  interest 
to  use  improvements  which  they  would  like  to  learn  from 
the  Inventor  gratis,  or  to-  go  on  without  improvements,  the 
adoption  of  which  would  nevertheless  be  for  the  public 
benefit.  The  public  and  the  more  intelligent  and  enlightened 
class  of  manufacturers  and  capitalists  value  Patents  as  pro- 
moting "the  progress  of  manufactures  by  causing  many  im- 
portant Inventions  to  be  introduced  and  developed  more  rapidly 
than  would  be  the  case,"  and  as  "  leading  to  the  introduction  and 
publication  of  numerous  improvements,  each  of  a  minor  character, 
but  the  sum  of  which  contributes  greatly  to  the  progress  of  industry." 
On  this  account  it  seems  to  the  Philosophical  Society  of  Glasgow 
that  the  continued  interest  of  the  Patentee  in  his  Invention  for  a 
period  of  not  less  than  twenty-one  years*  will,  if  it  be  lucrative  to 
him,  certainly  be  beneficial  to  the  public. 

3,  4,  5,  and  6  refer  to  details  of  great  practical  importance  upon 
which  the  Philosophical  Society  of  Glasgow,  after  having  had  the 
subject  of  Patent  Law  reform  for  many  years  under  careful  and 
anxious  consideration,  has  formed  a  very  unanimous  judgment 
founded  on  the  reasons  indicated  in  the  terms  of  the  memorial  and 
petitions  which  it  this  year  submits  to  the  Lord  Chancellor  and  the 
two  Houses  of  Parliament. 

Signed  for  the  Philosophical  Society  of  Glasgow^ 

WILLIAM  THOMSON,  LL.D.,  F.RS.,  President, 

Professor  of  Natural  Philosophy  in  the  University  qf  Glasgow,  afid 
FeOow  qf  ^'.  Peters  College,  Cambridge. 
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DESTRUCTION  OF  PATENT  SPECIFICATIONS. 


The  Committee  appointed  on  the  10th  January,  1877,  at  a  Meeting 
held  on  February  9th,  unanimously  resolved,  on  the  motion  of  the 
President,  that  the  following  Petition  to  the  Commissioners  of 
Patents  be  adopted :— 

• 

Unto  the  Honourable  the  Commissioners  q/"  Patents /or  Inven- 
tions. The  Memorial  and  Petition  of  the  Philosophical 
Society  of  Glasgow, 

Humbly  Sheweth,  That  the  Philosophical  Society  of  Glasgow, 
consisting  of  upwards  of  600  members,  being  persons  engaged  in 
the  Arts,  Manufactures,  Trades,  aud  Commerce  of  the  City  of 
Glasgow  and  West  of  Scotland,  have  taken  a  deep  interest  in 
legislation  on  the  subject  of  Letters  Patent  for  Inventions,  and 
have,  both  at  special  meetings  of  the  Society  and  through  a  special 
committee  appointed  to  deal  with  the  subject,  given  much  con- 
sideration to  the  measures  for  amending  the  Law  of  Patents  for 
Inventions  brought  before  Parliament  in  previous  Sessions,  and  to 
the  various  proposals  and  suggestions  regarding  such  Patents  which 
have  come  before  them  from  other  sources. 

That  your  Memorialists  have  been  informed  by  reports  in  the 
public  newspapers  and  otherwise  that  an  order  has  recently  been 
given  to  destroy  nearly  all  the  copies  of  printed  Specifications  of 
expired  Patents,  and  that  large  quantities,  amounting  to  hundreds 
of  tons,  of  such  Specifications  have  been  already  destroyed,  or  are  in 
course  of  being  destroyed,  the  object  being  to  reduce  the  stock  of 
copies  of  such  Specifications  to  five  copies  of  each  Specification. 

Your  Petitioners  are  not  in  a  position  to  verify  the  statements 
referred  to,  but  they  pray  your  Honours  to  inquire  into  the  matters 
alleged,  and  if  any  order  has  been  given  for  such  destruction  to 
issue  such  orders  or  take  such  steps  as  you  may  consider  proper  to 
prevent  its  being  carried  out 

The  destruction  of  all  but  five  copies  of  the  Specifications  will 
render  it  impossible  for  the  members  of  the  public  interested  in 
them  to  purchase  copies  as  hitherto,  and  will  compel  those  who 
have  occasion  to  consult  them  to  examine  them  in  the  Library  of 
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■the  Patent  Office.  Inventors  and  users  of  Inventions  throughout 
the  kingdom  desirous  of  tracing  the  antecedents  of  any  patented 
process,  as  well  as  all  Patent  agents,  solicitors,  and  many  other  classes 
will  be  put  to  enormous  expense  and  inconvenience,  and  the  public 
will  be  deprived  of  practical  access  to  the  most  valuable  body  of 
technological  informatioQ  in  the  world  if  these  Specifications  are 
destroyed. 

To  take  the  single  instance  of  any  lawsuit  in  which  the  novelty 
of  an  Invention  is  contested,  it  not  unfrequently  happens  that  be- 
sides the  Specification  relative  to  the  Patent  challenged,  there  are 
a  dozen  or  more  of  anterior  Specifications  referred  to  as  anticipa- 
tions, and  of  all  these  Specifications  copies  are  required  for  the 
Judges  and  Jurymen  and  for  the  Counsel,  Agents,  and  scientific 
witnesses  on  each  side.  Hitherto  all  these  have  been  purchasable 
at  a  small  cost.  To  make  written  or  reprinted  copies,  as  would  be 
necessary  if  the  proposed  destruction  were  carried  out,  would 
involve  serious  expense  and  hardship. 

Again,  Inventors  throughout  the  kingdom,  working  in  any  field 
of  Invention,  constantly  lequire  to  have  beside  them  the  entire 
series  of  Si>ecifications  of  antecedent  Inventions  in  the  same  field. 
•They  are  necessary  as  indicating  what  has  already  become  public 
property,  and  are  also  frequently  highly  valuable  as  containing 
hints  and  suggestions  which  may,  by  further  study  and  more 
accurate  experiment,  be  developed  into  usefrd  Inventions. 

In  like  maimer^  manufacturers  and  others  find  the  possession  of 
the-  series  of  Specifications  relating  to  the  particular  branch  of 
industry  in  which  they  are  engaged  of  very  great  advantage  to 
them. 

There  are  only  62  cities  or  towns  throughout  Great  Britain  or 
Ireland  in  which  complete  sets  of  the  Patent  Office  publications 
are  to  be  seen,  and  while  50  of  these  are  in  England,  in  Scotland 
there  are  only  6,  and  in  Ireland  only  6,  and  your  Memorialists  are 
able  to  state  that  in  very  many  of  these  places  the  arrangements 
for  access  to  the  Specifications  are  very  defective. 

The  existence  of  complete  sets  of  Specifications  in  the  public 
libraries  of  the  kingdom,  or  of  such  portions  of  them  as  may  be 
connected  with  the  local  industries  of  each  particular  locality,  would 
supply  most  useful  records  of  the  history  of  these  industries,  and 
would  constitute  invaluable  storehouses  of  information  and  sugges- 
tion. It  is  the  very  object  of  the  whole  system  of  Letters  Patent 
to  purchase  for  the  public  sudi  information,  and  it  is  the  policy  of 
th.e  Act  15  and  16  Vict,  a  83>  under  which  your  Honours  are 
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appointed,  to  distribute  such  information  throughout  the  kingdom. 
A  considerable  proportion  of  the  fees  charged  on  Letters  Patent 
was  charged  in  order  to  defitij  the  expense  of  printing  the  Specifi- 
cations. If  the  orders  referred  to  above  are  carried  out  there  will 
be  no  means  of  supplying  Public  Liloaries,  Mechanics'  Institutes, 
and  Technical  Schools  and  Colleges  with  copies  of  Specifications, 
and  the  public  will  be  deprived  of  the  benefits  of  those  printed 
documents  which  the  statutes  intended  to  secure  for  them,  and  for 
which,  not  the  public,  but  the  Inventors  have  paid.  It  is  computed 
that  the  printing  cost  three  quarters  of  a  million,  which  came  out 
of  the  pockets  of  Inventors  for  the  public  information,  and  by  the 
orders  referred  to  all  this  large  expenditure -will  beifrustrated  and 
lost. 

Your  Memorialists  humbly  beseedh  your  Honours  to  inquire 
into  the  statements  above  made,  and  to  take  immediate 
measures  to  prevent  or  arrest  the  destruction  of  the  stock 
of  printed  copies  of  Specifications  relating  to  expired 
Letters  Patent.     And  your  Memorialists  will  ever  pray, 

(Signed)    WILLIAM  THOMSON,  LL.D.,  F.R.S.,  PresidtrU, 

Pmftuor  of  NaiurxU  PhUosophy  in  the  Umvertity  of  Glcugow^  tmd 
Fellow  of  St,  Peter's  College,  Cambridge, 

(Signed)  WILLIAM  KEDDIE,  F.RS.E,, 

Secretary, 


Datsd,  February  9eA,  1877. 
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Petition  of  the  Philosophical  Society  of  GlasgoU)  to  the  House  of 
Commons  against  a  Bill  for  Consolidating,  with  Amendments, 
the  Act  relating  to  Letters  Patent  for  In/vehtions  (A.!D.  1877, 
40  Vict,  Bill  0*4). 


Unto  the  Honctorable  the  Commoijs  oF  the  TJNiTfiD  KiNODoUt 
of  Great  Britain  and  Ireland  in  Parliament  Assembled, 
The  Humble  Petition  of  the  Philosophical  Society  of 
Glasgow, 

Shewethj  That  the  Philosophical  Society  of  Glasgow,  consisting 
of  upwards  of  600  members,  being  persons  engaged  in  the  Arts, 
Manufactures,  Trade,  and  Commerce  of  the  City  of  Glasgow  and 
West  of  Scotland,  have  taken  a  deep  interest  in  the  proposed 
legislation  on  the  subject  of  Letters  Patent  for  Inventions,  and 
have,  both  at  special  meetings  of  the  Society  and  through  a 
special  committee  appointed  to  deal  with  the  subject,  given  much 
consideration  to  the  measures  for  amending  the  Law  of  Patents  for 
Inventions,  brought  before  Parliament  in  previous  and  in  the 
present  Sessions,  and  to  the  various  proposals  and  suggestions 
regarding  such  Patents  which  have  come  before  them  from  other 
sources. 

That  while  your  Petitioners  regard  with  satisfaction  the  intro- 
duction into  Parliament  this  Session  of  '^  A  Bill  for  Consolidating 
with  Amendments  the  Acts  relating  to  Letters  Patent  for  Inven- 
tions," and  in  |>articular  the  prcgpbsals  therein  contained  to  extend 
the  term  of  Letters  Patent  to  twenty-one  years  from  the  date 
thereof,  to  prolong  the  period  of  provisional  protection,  to  provide 
powers  for  enlarging  the  time  for  payment  of  duties,  and  to  intro- 
duce means  for  supplementing  the  Specification,  they  crave  leave 
humbly  to  represent  to  your  Honourable  House  that  certain  other 
provisions  proposed  in  said  Bill  are  not,  in  their  judgment,  adapted 
to  improve  the  fitate  of  the  law  4is  te  Patents  for  Invention,  but 
are,  on  the  contrary,  such  as,  if  passed,  will  render  it,  in  many 
respects,  worse  than  it  is  at  present. 

First,  With  regard  to  the  fees  and  duties  on  Letters  Patent, 
while  the  Bill  proposes  to  reduce^the  stamp  duties  of  £25  payable 
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hj  the  applicant  on  the  application  and  sealing  of  the  Patent  to  half 
the  present  amount,  it  proposes  to  exact,  in  addition  to  the  present 
stamp  duties  payable  at  the  end  of  the  third  and  seventh  years  of 
the  Patent  (which  are  already  oppressive  in  amount,  and  the  third 
year's  duty  particularly  so,  as  coming  too  early  in  date),  a  fourth 
payment  of  £100  at  the  end  of  the  twelfth  year,  thus  increasing 
the  total  stamp  duties  payable  on  a  Patent  from  £175,  as  at 
present,  to  £262,  10s.  That  your  Petitioners  submit,  as  a 
general  principle,  that  it  is  inexpedient  and  impolitic  to  tax 
Inventions,  or  to  exact  any  payments  from  Patentees  beyond  what 
are  absolutely  necessary  to  defray  the  expenses  of  administering,  in 
an  efficient  manner,  the  provisions  of  the  Patent  Acts.  That  in 
support  of  this  principle  your  Petitioners  respectfully  refer  to  "  the 
very  general  expression  of  opinion,"  reported  by  the  Royal  Com- 
mission of  1862,  "that  the  price  to  be  paid  for  a  Patent  should  not 
be  more  than  sufficient  to  provide  for  the  expenses  of  the  Patent 
Office,  Library,  and  Museum,  but  that  these  should  be  maintained 
in  the  highest  state  of  efficiency,"  and  to  the  tenth  resolution  in 
the  Report  of  the  Select  Committee  of  your  Honourable  House  on 
Letters  Patents,  appointed  in  1872,  which  is  in  these  terms  :  "That 
the  duties  payable  on  Patents  should  be  so  adjusted  as  to  encourage 
Inventors  to  the  utmost  to  make  known  their  Inventions,  and  that 
their  primary  application  should  be  to  the  purposes  of  a  complete 
and  well  organised  record  of  industrial  progress,  and  to  an  improved 
establishment  for  the  conduct  of  Patent  business."  That  while 
some  stamp  duties  payable  on  the  application  for  and  on  the 
granting  of  Letters  Patent  may  be  justified  as  necessary  to  cover  ex- 
penses (and  £12,  10s.  is  really  quite  enough  for  that  purpose),  the 
stamp  duties  at  present  payable  at  the  end  of  the  third  and  seventh 
years,  amounting  together  to  £150,  and  the  additional  payment  of 
£100  proposed  to  be  exacted  at  the  end  of  the  twelfth-  year, 
cannot  properly  be  regarded  as  necessary  charges,  inasmuch  as  the 
mere  existence  of  the  Letters  Patent,  after  they  are  once  gi'anted, 
creates  no  additional  expense,  and  these  three  payments  are 
therefore  of  the  nature  of  taxes  on  the  Invention,  which  it  is  pro- 
posed by  the  56th  section  of  the  Bill  to  make  payable  to  and  for 
the  use  of  the  Crown,  and  for  the  general  purposes  of  the  Stamp 
Duties  Management  Act,  1870,  and  relative  Acts,  that  is  to  say,  for 
the  general  purposes  of  the  revenue.  That  your  Memorialists  suggest 
to  your  Honourable  House  that  the  Bill  ought  to  abolish  all  pay- 
ments on  Patents  except  the  necessary  charges  on  the  applioation 
and  the  granting  thereof^  and  should  provide  that  no  part  of  the 
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pajments  should  be  applied  for  general  purposes,  or  for  other 
purposes  than  those  mentioned  in  the  Rraolution  of  the  Select 
Committee  of  1872.  Your  Memorialists  respectfully  represent  that 
the  policy  of  the  Bill  in  increasing  the  weiglit  of  taxation  at  the 
third,  seyenth,  and  twelfth  years  of  the  Patent,  with  the  object  of 
extinguishing  the  Patents  for  what  are  supposed  to  be  worthless 
because  they  have  not  yet  become  remunerative  Inventions,  involves 
the  erroneous  assumption  that  the  real  value  of  an  Invention  can  be 
measured  by  the  rapidity  with  which  it  becomes  remunerative  and 
able  to  bear  heavy  taxation.  The  history  of  Industrial  Art  and  of 
Invention,  on  the  contrary,  proves  that,  as  a  rule,  it  is  the  most 
original  and  important  Inventions  which  require  the  longest  time 
to  be  appreciated,  and,  as  generally  the  most  revolutionary,  have  to 
encounter  the  greatest  obstacles  and  opposition  before  they  are 
adopted.  Nor  will  heavy  taxation  operate  as  any  check  on 
obstructive  and  injurious  Patents,  such  as  are  sometimes  taken 
out  from  motives  of  commercial  rivalry,  if  they  are  backed  by 
capital.  Your  Memorialists  also  object  to  the  proposal  in  section  53 
(page  14,  lines  15-18)  to  empower  the  Commissioners  to  require 
fi'om  a  Patentee  the  whole  or  part  of  the  expense  of  printing  his 
Specification  for  the  benefit  of  the  publia  The  surplus  revenues  of 
the  Patent  Office  show  that  the  taxes  paid  by  Inventors,  and  the 
revenue  derived  from  the  sale  of  Specifications,  are  more  than 
adequate  to  defi*ay  all  expenses  of  the  Patent  Office. 

Second.  Your  Memorialists  pray  that  some  provision  should  be 
inserted  in  the  Bill  for  defining  the  relation  of  the  Provisional  and 
Complete  Specification  to  each  other  in  such  terms  as  shall  permit 
an  Inventor  to  incorporate  in  the  latter  all  such  improvements 
and  further  developments,  subsidiary  applications,  and  variations  in 
the  working  out  of  the  general  idea  set  forth  in  the  former  as 
the  interval  between  them,  accorded  to  the  Inventor  for  the  very 
purpose  of  perfecting  his  Invention,  may  have  suggested  to  him. 
The  judicial  decisions  have  hitherto  demanded  too  strict  an  identity 
or  conformity  between  the  two  Specifications,  and  have  gone  far 
towards  rendering  the  opportunity  of  experimenting  not  merely 
useless  but  dangerous  to  the  Inventor,  inasmuch  as  the  greater  the 
improvements  made  the  more  risk  there  is  of  the  Patents  being  set 
aside  either  on  the  ground  of  disconformity  between  the  two 
Specifications,  if  he  includes  the  improvements  in  the  Complete 
Specification,  or  on  the  ground,  if  he  omits  to  include  them,  that  he 
has  failed  in  his  duty  to  communicate  to  the  public  the  fullest 
information  and  latest  improvements  in  his  possession  at  the  date 
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of  filing  the  Complete  Specification.  The  phraseology  of  the  12th 
section  of  the  Bill  tends  to  perpetuate  this  restrictive  construction 
of  the  limits  of  permissible  variation.  Your  Memorialists  suggest 
that  the  said  section  ought  to  direct  the  Examiner  to  report 
**  whether  the  Invention,  as  described  in  the  Complete  Specification, 
is — regard  being  had  to  the  object  for  which  the  provisional  pro- 
tection is  allowed,  and  to  the  duty  of  the  applicant  to  give  the 
public  the  utmost  benefit  of  ikis  Invention — a  fair  working  out 
and  development  of  that  of  which  the  nature  or  general  idea  is 
set  forth  in  the  Provisional  Sipecification,"  and  that  a  declaratory 
clause  should  be  introduced  into  the  Bill  for  the  purpose  of 
obviating  the  tendency  of  judicial  construction  before  mentioned. 
Your  Memorialists  also  suggest  that  objections  on  the  ground  of 
disconformity  between  the  Title  and  Provisional  Specification  taken 
together  .on  the  one  hand,  a&d  the  Complete  Specification  on  the 
other,  ought  not  to  be  entertained  after  the  Complete  Specification 
is  filed,  except  at  the  instance  of  another  applicant  or  holder  of  a 
rival  Patent  for  a  similar  Invention,  who  alleges  that  the  discon- 
formity is  the  result  of  a  fraudulent  attempt  to  evade  opposition  to 
the  grant,  and  that  he  himself  has  been  injured  by  the  fraud,  and 
such  objections  should  only  be  allowed  as  the  basis  of  a  suit  for 
redress  against  such  fraud.  It  is  only  such  a  rival  applicant  or 
Patentee  that  has  any  interest  in  complaining  of  disconformity 
however  great.  If  the  disconformity  is  attributable  to  improve- 
ments effected  on  the  Inventor's  original  notion,  the  interest  of  the 
public  is  promoted  by  the  disconformity.  I£  fraud  against  rival 
applicants  is  provided  against,  there  is  no  need  for  any  restriction 
on  the  extent  to  which  an  Inventor  may  alter  and  improve  on  his 
original  idea,  nor  can  the  objection  be  anything  but  jils  teriii  to  a 
member  of  the  public  as  such. 

Third.  Your  Memorialists  pray  -that  the  provisions  of  the  Bill 
contained  in  the  sections  from  7  to  18  inclusive  may  be  so  modified 
as  to  provide  that  no  disclosure  of  the  Invention  for  which  a 
Patent  is  asked  shall  be  made  to  the  public  before  the  granting  of 
the  Letters  Patent,  and  that  if  a  Patent  is  refused  the  documents 
containing  the  applicant's  statement  of  his  Invention  shall  be 
returned  to  him.  The  State  in  negotiating  a  bargain  with  an 
Inventor  for  his  secret  ought  to  treat  the  statement  of  the  secret 
as  a  confidential  communication,  and  has  no  right  to  defeat  the 
secrecy  of  the  Invention  by  calling  in  the  whole  public  to  leam 
what  it  is,  and  then  to  refuse  protection. 

Fourth.  Your  Memorialists  crave  leave  to  express  very  strongly 
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their  objections  to  the  diffioulties  proposed  to  be  thrown  in  the  way 
of  obtaining  Letters  Patent  for  Invention  by  the  sections  of  the 
Bill,  7  to  18  both  inclusive.    Under  these  sections  a  Patentee  may  be 
required  to  fight  his  way  to  protection  before,  (1)  the  Examiner  of 
the  Provisional  Specification,  (2)  the  Examiner  of  the  Complete 
Specification,  (3)  before  the  Law  Officer,   and   that   either   upon 
objections  raised  by  the  Law  Officer  himself,  or  by  any  person  whom 
the  Law  Officer  may  think  entitled  to  be  heard — the  report  of  the 
Examiner  on  the  Complete  Specification,  and  all  the  antecedent 
reports  with  the  Specifications  and  whole  documents,  having  by  this 
time  been  published,  by  way  of  inviting,  and  it  may  be  suggesting, 
objections,  and  (4)  before  the  Lord  Chancellor,  when  any  person  may 
again  oppose  the  sealing,  having  now  the  Law  Officer's  objections 
superadded  to  the  others.     The  expense  of  appearing  by  Counsel  or 
Agents  in  four  such  contests  would  be  ruinous  to  the  great  majority 
of  Inventors,  and  would  go  far  to  render  Patents  the  luxury  of  great 
capitalists,  while  they  would  cease  sto  be  objects  of  encouragement 
to  poor  Inventors,  and  the  industries  of  the  country  would  inevi- 
tably and   seriously  suffer  therefrom,     Nor  does  all  this  ordeal, 
though  successfully  passed,  confer  security  on  the  Letters  Patent 
obtained  or  immunity  from  further  objection.     The  Letters  Patent 
will,  after  all,  be  no  more  free  from  challenge  than  Letters  Patent 
are  at  present.     Not  only  will  they  remain  open  to  challenge  in 
suits  for  infringement,  and  to  procedure  equivalent  to  a  scire  facias, 
but  they  will  be  open  to  the  additional  grounds  of  attack  now  pro- 
posed to  be  intaroduced  by  'Section  22  of  the  Bill.     Under  these 
clauses,  7  to  18  inclusive,  a  great  capitalist  or  manufacturer  will 
always  be  able  to  exhaust  the  resources  of  any  common  workman, 
who  may  apply  for  protection,  in  a  series  of  contests,  and  even  if 
the  latter  succeed  he  is  almost  certain  to  hav<e  his  Invention  crushed 
out  of  him  by  the  aggravated  taxation  proposed,  which  the  previous 
contest  leaves  him  still  less  able  than  before  to  meet.     These  clauses, 
coupled  with  those- as  to  increased  stamp  duties,  and  with  the  clauses 
of  section  22,  will  make  it  almost  impossible  fora  poor  Inventor  with 
wealthy  opponents  to  obtain  or  retains  Patent.     Your  Memorialists 
further  submit   that   the  public  is  already   sufficiently  protected 
against  undeserving  Patents  by  the  condition  that  they  shall  be 
void  if  the  Inventions  ^are  not  new  or  useful,  and  that  all  that  is 
necessary — (if  indeed  anything  at  all  in  the  way  of  examination  is 
necessary) — would  be  to  provide  that,  after  a  single  examination  of 
the  two  Specifications  to  be  made  on  the  lodging  of  the  Complete 
Specification,  the  Examiners  should  communicate  to  the  applicant 
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any  objections  against  the  grant,  either  on  want  of  novelty  or  on 
other  grounds  to  be  specified  in  the  Bill,  in  order  to  ^ve  the 
ap])licant  an  opportunity  of  either  desisting  from  his  application, 
or  of  conyincing  the  Examiners  that  the  objections  are  unfounded, 
or  of  amending  and  disclaiming,  or  of  taking  the  Patent  with  a 
statement  of  the  objections  appended  thereto.  With  such  a  notice, 
added  to  their  other  sources  of  information  regarding  the  merits  or 
demerits  of  the  Patent,  the  public  could  not  be  imposed  upon,  and 
the  Patentee,  unless  very  sure  of  the  justice  of  his  claims,  would  be 
chary  of  attempting  to  enforce  tiiem  against  the  public.  But  the 
applicant  should  not  be  called  on  to  fight  any  battle  with  the  public 
before  he  obtains  his  Patent,  both  because  that  involves  an  unjustifi- 
able publication  of  what  before  the  grant  the  State  should  regard 
as  a  confidential  communication,  and  because  such  preliminary  con- 
tests with  the  public  may  seriously  aggravate  the  expense  of  Patents, 
while  their  decision  confers  no  finality  after  all. 

Fifth,  Your  Memorialists  pray  that  the  holders  of  existing 
Patents  shall  have  the  option,  on  paying  the  fourth  stamp  duty 
(if  any,  or  whatever  it  may  be),  to  have  the  duration  of  their  Patents 
extended  to  twenty-one  years,  and  in  this  view  the  fourth  payment 
ought  to  be  made  payable  at  the  end  of  the  fourteenth  year  instead 
of  the  twelfth,  and  the  62nd  section  of  the  Bill  ought  to  be  altered 
accordingly. 

Sixth,  Your  Memorialists  object  to  the  provisions  proposed  in 
section  22  of  the  Bill.  Assuming  an  Invention  to  be  original  and 
novel,  the  Inventor  earns  his  right  to  a  Patent  sufficiently  by  dis- 
closing it  to  the  public;  it  is  unfair,  and  in  many  cases  may  involve 
great  expense,  or  even  impossibility,  to  compel  him  to  work  it  himself 
or  to  make  efibrts  to  force  it  into  use.  If  the  public  do  not  wish 
to  use  the  Invention  when  it  is  published,  it  is  not  the  fault  of  the 
Inventor,  and  cannot  afibrd  any  justification  for  rescinding  the 
Patent.  The  continued  existence  of  an  Inventor's  property  ought 
not  to  depend  on  such  a  vague  and  precarious  tenure  as  the  ques- 
tions whether  he  has  used  it  to  a  reasonable  extent,  or  made  reason- 
able efibrts  to  induce  others  to  do  so.  K  Patents  are  placed  under 
such  conditions,  the  obvious  policy  of  manufacturers  will  be  to  set 
their  faces  against  Inventions  until  the  three  years — (i.fl.,  two  years 
from  the  completion  of  the  Invention)  are  expired.  An  Inventoi^s 
efibrts  to  induce  them  to  take  licences  within  the  period  will  thas 
be  frustrated  by  the  expectations  held  out  to  them  by  the  Act,  that 
if  they  wait  the  expiry  of  that  period  they  may  be  free  to  use  the 
'Invention  for  nothing.     The  experience  of  Inventors  in  the  Unitad 
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States  of  America,  in  Canada,  and  in  those  countries  on  the  Con- 
tinent in  which  Patents  are  voided  if  not  wrought  within  a  certain 
period,  shews  that  such  a  provision  itself  prevents  the  Invention 
from  being  adopted  by  manufacturers  within  the  period  prescribed. 
They  prefer  to  ignore  the  Invention  till  thej  can  get  it  gratis 
through  the  operation  of  the  provision;  or  the  Inventor  is  forced  to 
give  up  a  half  or  two-thirds  of  his  property  to  any  capitalist  who 
will  advance  money  to  enable  him  to  comply  with  the  law  by  work- 
ing it.  There  are  many  cases  in  which  British  Inventors  (including^ 
among  others,  members  of  your  Memorialists'  Society)  have  been 
forced  to  spend  very  large  sums  in  endeavouring  to  get  their  Inven- 
tions worked  in  foreign  countries  to  the  extent  necessary  to  avoid 
the  operation  of  provisions  similar  to  those  nour  sought  to  be  intro- 
duced into  our  Patent  Law,  and  after  much  expenditure  have  had  to 
abandon  their  Inventions,  which  were,  in  several  cases,  immediately 
taken  up  by  the  public.  Your  Memorialists  also  object  to  the 
proposals  as  to  compulsory  licensing,  and  as  to  empowering  the  Lord 
Chancellor  to  fix  what  shall  be  reasonable  terms  of  licence.  The  only 
sound  way  of  regulating  the  licence  duty  is  to  leave  it  to  the  opera- 
tion of  the  laws  of  supply  and  demand.  The  mere  threat  of  an  appeal 
to  the  Lord  Chancellor  would  enable  the  public  to  extort  licences 
at  unreasonably  low  rates  from  Inventors,  and  these  being  made 
precedents  of  in  subsequent  cases,  there  will  soon  ensue  a  gradually 
decreasing  scale  of  licence  duties,  and  the  value  of  Patents  will  be 
depreciated.  Compulsory  licensing  must,  of  course,  be  inoperative 
unless  there  be  some  way  of  dictating  the  terms  the  Inventor  shall 
accept.  It  follows  that  any  mischievous  consequence  which  would 
result  from  the  power  of  dictating  terms  to  an  Inventor,  which  is 
inseparable  from  compulsory  licence,  is  a  good  argument  against 
compulsory  licensing  altogether.  No  facts  have  ever  been  produced 
shewing  any  necessity  for  compulsory  licences.  In  the  great  majority 
of  cases  Patentees  are  much  more  willing  to  grant  licences  than  the 
public  are  to  take  them.  Your  Memorialists  submit  that  section  22 
should  be  struck  out  of  the  Bill. 

SeverUh.  Your  Memorialists  beg  to  direct  the  notice  of  your 
Honourable  House  to  the  fact  that  while  the  Bill  (section  3  and 
relative  schedule)  proposes  to  repeal  the  whole  clauses  of  the  Act 
15  k  16  Vict.  c.  83,  under  sections  29,  30,  and  32  of  which  Act 
most  important  and  valuable  provisions  for  the  printing,  publica- 
tion, and  sale  to  the  public,  and  the  distribution  among  public 
libraries  and  museums  of  the  Patent  Oflfice  records,  and  for  the 
indexing  and  abridging,  and  publishing  indexes  and  abridgments  o€ 
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these  records  are  made  obligatory  oa  the  Commissioiiers,  the  present 
Bill  not  only  does  not  make  any  similar  provisions  to  these  of  sec- 
tions 29,  30,  and  32  aforesaid ;  but  bj  section  53  (p.,  13,  lines  32-36> 
and  p.  14,  lines  12-25),  leaves  it  as  a  matter  of  discretion  to  the 
Commissioners  whether  they  shall  or  shall  not,  or  how  far  they  shall 
continue  to  carry  out  those  provisions.  Your  Memorialists  submit 
that  the  provisions  contained  in  the  said  sections  29,  30,  and  32  of 
the  Act  15  <S:  16  Vict.  cap.  83  are  too.  important  to  be  made  merely 
permissive  to  the  Commissioners. 

Your  Memorialists,  therefore,  humbly  pray  your  Honourable 
House  that  the  Bill  be  altered  and  amended  in  conformity 
with  the  suggestions  of  this  Petition,  and  your  Memo- 
rialists, as  in  duty  bound,  shall  ever  pray. 

(Signed)     WILLIAM  THOMSON,  LL.D.,  F.R.S.,  PresUent, 

Ero/essor  of  Natural  Philosophy  in  the  University  of  Glasgow,  and 
Fellow  of  SL  Peter's  College^  Cambridge. 

(Signed)  WILLIAM  KEDDIE,  F.RS.K, 

Secretary, 


Dr.  Jas.  Stirton  on  the  Infiuence  of  Microscopic  Fungi.   285 


XXIX. — On  New  Genera  and   Species  of  Lichens  from  New 
Zealand.     By  Dr.  Jas.  Stirtcw,  F.L.S. 


[Head  before  the  Society,  January  26,  1877.] 


By  way  of  intcoductiou  to  the  present  paper  on  New  Zealand 
Lichens,  it  may  not  be  reckoned  out  of  place  to  give  a  general  state- 
ment of  certain  views  as  to  the  influence  of  the  lower  vegetable 
organisms,  more  especially  the  smaller  fungi^  on  animals,  and  even 
other  plants,  in  health  and.  disease. 

You  must  all  be  more  on  less  familiar  with  the  appearances 
assumed  by  what  are  termed  sviuts,  mildews,  and  moulds;  and  those 
of  you  who  have  betrayed  a  natural  tendency  towards  the  study  of 
such  organisms  must  be  aware  of  the  extreme  rapidity  of  their 
growth,  and  spread  in  certain  circumstances.  How  that,  having  once 
involved  any  particular  place  or  part,  they  quickly  cover  the  whole, 
and  that  a  microscopic  investigation  reveals  the  fact  that  the  tissues 
of  the  substance  invaded  are  permeated  in  every  direction  by  the 
mycelium  or  rootlike  filaments.  It  must,  also  be  a  matter  of 
observation  to  many  of  you,  that  certain  substances  are  more  liable 
than  others  to  be  infested  by  these  minute  parasites.  It  may  not, 
however,  be  so  manifest  that  certain  states  or  conditions  of  the  sub- 
stances invaded  are  more  favourable  to  their  development  than 
others.  All  this  is  more  or  less  matter  of  common  observation,  and 
does  not  imply  any  very  intimate  knowledge  of  the  subject.  In 
such  a  moist  climate  as  ours,  opportunities  are  seldom  awanting, 
more  especially  during  certain  seasons  of  the  year,  of  noting  the 
habitats  and  manner  of  distribution  of  such  parasites. 

Extended  observation  has  shewn  that  the  plant  attacked  must 
have  reached  its  maturity  (generally  speaking),  and  already  betrayed 
symptoms  of  decay — t.c,  there  is  a  recession  of  the  vital  energies. 
The  cells  of  the  plant  have  undergone  a  cycle  of  changes,  and  have 
reached  a  point  where  chemical  changes  of  an  opposite  character  are 
about  to  set  in.  Other  concomitant  circumstances  being  favourable, 
it  is  at  this  stage  that  the  plant  is  most  liable  to  be  infested  by  the 
smaller  fungL 

It  is  noticeable  also,  that  after  the  invasion  of  the  fungus  is 
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thoroughly  established  in  any  given  site  or  locality,  that  com- 
paratively healthy  structures  in  the  neighbourhood  of  those  first 
infested  quickly  succumb.  They  are  first  permeated  by  the  myce- 
lium, lose  their  vital  energy,  and  are  soon  reduced  to  a  state  most 
favourable  to  the  further  and  complete  development  of  the  fungus. 

It  would  also  appear  that  an  increase  of  vital  energy  is  engendered 
in  the  fungus  itself  when  placed  in  circumstances  favourable  to  the 
rapid  evolution  of  its  different  phases ;  and,  within  certain  limits,  the 
more  rapid  the  evolution  the  stronger  is  the  vital  energy  of  the 
resulting  spore,  or  even  the  mycelium.  So  that  during  the  height  of 
a  fungus  epidemic  (so  to  speak),  separate  and  even  comparatively 
distant  vegetable  structures  in  an  active  healthy  state  of  growth,  are 
no  longer  capable  of  resisting  the  invasion,  and  are  quickly  reduced 
to  a  condition  when  they  too  become  proper  pabulum  for  the  enemy. 

Again,  as  to  the  prevalence  of  these  minute  fungi.  At  certain 
periods  of  the  year,  more  especially  in  autumn,  there  is  scarcely  a 
blade  of  grass  or  leaf  of  a  tree  that  is  not  infested  by  these  parasites 
or  their  mycelium,  not  a  stump  of  a  decaying  tree  whose  fibres  are 
not  penetrated  in  every  direction  by  the  same  mycelium. 

Whence  come  the  s])ores  of  these  fungi?  That  they  must  be 
almost  everywhere  is  evident,  and  in  the  atmosphere  is  as  evident. 
As  a  rule,  the  spores  of  such  fungi  are  very  minute,  not  more  than 
fi:om  J  to  i  the  diameter  of  a  blood  corpuscle,  and  require  a  pretty 
high  microscopic  power  in  order  to  discriminate  them.  As  the 
specific  gravity  of  these  spores  is  light,  much  lighter  than  that  of 
water,  and  as  the  greater  proportion  of  those  of  a  more  complicated 
structure  contain  large  vacuoles  filled  with  some  gas,  if  not  common 
air,  it  will  be  understood  how  readily  they  can  be  carried  by  winds 
to  a  great  extent,  and  even  retained  in  the  atmosphere  for  a  con- 
siderable time.  Besides,  even  after  they  are  apparently  desiccated, 
and  accordingly  rendered  lighter,  they  retain  all  their  potential 
vital  energy. 

That  they  must  have  a  particular  pabulum  on  which  to  feed  is 
also  evident,  for  as  soon  as  a  leaf  or  stump  has  reached  a  certain 
stage  of  decay  or  death  (if  you  will)  they  disappear,  and  even  the 
larger  form  of  fungi  that  grow  on  the  ground,  and  form  what  are 
vulgarly  termed  fairy  rings,  shew  this  exhausting  tendency,  as  the 
centres  are  bare  of  such  growths,  owing  to  the  food  having  been  all 
taken  up. 

As  a  rule,  each  fungus  is  curiously  constant  to  its  victim,  or  host, 
as  the  modern  phrase  goes ;  so  much  so  indeed,  that  fungologists  are, 
in  many  cases,  content  to  specify  each  fungus  by  the  name  of  the 
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plant  on  which  it  grows.  As  the  number  of  such  fungi  is  almost 
indefinite,  it  will  readily  he  understood  that  the  number  of  plants 
attacked  varies  accordingly.  Certain  plants  are,  however,  more 
peculiarly  liable  to  these  attacks,  and  it  often  happens  that  many 
colonies  of  fungi  are  congregated  on  one  and  the  same  species. 

Again,  wet  seasons,  or  rather  those  that  are  uniformly  wet,  with 
a  somewhat  higher  degree  of  temperature  than  usual,  are  peculiarly 
favourable  to  the  development  and  spread  of  fungi  This  year  has 
accordingly  been  singularly  barren  in  this  respect,  not  more  than  a 
fourth  of  the  usual  number  has  been  seen,  and  of  these  the  species 
gathered  were  much  smaller  than  usual,  and  in  many  cases  shewed 
arrest^ed  development. 

Although  these  remarks  have  had  special  reference  to  plants,  and 
especially  flowering  plants,  as  the  victims,  almost  everything  of  an 
organic  nature  is  liable  to  be  attacked  ;  and  in  not  a  few  cases,  sub- 
stances of  an  inorganic  nature,  as  steel,  &c.,  have  afforded  appropriate 
resting  places  at  least,  while  in  a  few  even  of  these,  degeneration  of 
structure  has  resulted  from  the  invasion  of  the  fungus. 

After  this  brief  sketch  of  part  of  the  life  history  of  these  parasites, 
it  will  still  be  necessary,  in  order  that  you  may  understand  the 
drift  of  the  following  remarks,  that  I  revert  for  a  little  to  what  is 
included  under  the  term  septicemia.  Septicaemia  is,  as  you  are 
aware,  the  geneial  name  given  to  a  diseased  state  of  the  blood,  and  it 
implies  besides,  that  this  state  has  been  produced  by  some  putrefactive 
agent.  As  this  term  implies  too  much,  inasmuch  as  the  putrefactive 
sta^e  does  not  necessarily  result,  another  has  been  substituted  for  it, 
one  that  merely  implies  fermentation — viz.,  zymosis ;  and  we  now 
speak  of  zymotic  poisons. 

The  most  typical  of  these  is  perhaps  that  of  scarlatina.  The 
theory,  as  it  at  present  holds,  is,  that  there  is  a  materies  morbi  in 
the  blood  on  which  the  particular  poison  acts,  or  on  which  it  is 
capable  of  acting,  and  that  when  this  particular  material  is  all  acted 
on,  or  presumably  changed  in  character,  so  as  to  be  no  longer  capable 
of  affording  pabulum  or  food  for  the  fermentative  poison,  the  train 
of  symptoms  induced  disappears,  and  the  system  gradually  reverts 
to  its  normal  condition.  It  is  further  implied  in  this  theory  that 
the  mcUertes  morbi  is  a  fluctuating  element,  varying  in  quantity,  and, 
it  may  be,  in  degree,  according  to  constitution,  age,  circumstances 
of  life,  &c.  All  this  is  certainly  borne  out,  within  certain  limits, 
by  the  history  of  the  action  of  such  epidemics  as  those  of  scarlatina, 
and  more  especially  of  Asiatic  cholera.  In  the  latter,  it  is  ascer- 
tained that  the  cases  that  first  occur  in  any  given  locality  ax^  n^sc^ 
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generally  severe,  and  the  majority  end  fatally  and  more  rapidly  so 
than  those  that  occur  later,  and  that  as  time  passes^  and  more 
especially  towards  the  end  of  the  epidemic,  the  cases  are  milder,  and 
much  the  larger  proportion  recover.  All  this  is  consistent  with  the 
theory  in  question,  as  the  presumption  is  that  those  first  attacked 
have  a  larger  proportion  of  this  materies  morbi,  «fcc. 

Hitherto,  I  need  scarcely  say,,  both  poison  and  the  nuUeries  nunrbi 
have  baffled  all  attempts  at  isolation  and  determination,  and,  in 
all  likelihood,  will  continue  to  do  so  for  many  years  to  come,  if, 
indeed,  we  can  ever  expect  to  anive  at  any  definite  knowledge 
of  them. 

Now,  in  the  absence  of  any  direct  knowledge  of  such  poisons,  it 
is  permissible  to  us  to  cast  our  eyes,  around  in  search  of  known 
agencies,  either  in  the  animal  or  vegetable  world,  that  produce 
similar  results  on  other  substances ;  or,  to  put  the  case  more 
directly,  what  known  substanoe^  play  a  role  similar  to  these 
poisons  (on  the  presumption  of  course  that  suoh  poisons  have 
an  individuality,  for  want  of  a  better  phrase)  ?  In  the  vegetable 
kingdom,  those  lower  tiibes  of  fungi  which  we  have  just  been  con- 
sidering are  known  to  produce,  both  on  vegetables  and  animals, 
destructive  effects ;  and  in  the  animal  kingdom,  the  so-called 
vibriones  and  bacteria  develop  in  the  fluids  in  which  they  germinate 
properties  that  have  a  similar  deleterious  effect  on  living  tissues. 

Excluding  the  more  subtle  of  these  zymotic  poisons,  as  those  of 
scarlatina,  small-pox,  iS:c.,  as  far  beyond  our  ken,  let  us  consider 
those  only  whose  external  manifestations,  if  they  have  any,  and 
whose  whole  course  betray  considerable  analogies  to  the  pheno- 
mena manifested  on  plants  by  the  minuter  fungi. 

The  most  typical  of  all  such  is  perhaps  diphtheria,  and  this  is 
the  only  affection  of  whose  course  a  slight  sketch  can  at  present  be 
given. 

The  system  for  some  time  previous  to  an  attack  has  manifest^ 
symptoms  of  declining  health.  How  produced  is  not  matter  of 
present  investigation.  So  far  as  my  experience  goes,  those  who 
are  most  liable  to  an  onset  betray  no  decided  perversion  of  the 
function  of  any  particular  internal  organ.  It  is  true  that  those  of 
assimilation  are  early  involved  in  the  general  debility,  but  whether 
as  cause  or  effect  is  still  matter  of  uncertainty.  The  blood  is 
certainly  deteriorated  in  the  majority  of  cases,  and  in  one  instance 
this  deterioration  was  the  first  symptom  noticeable — suspicions  in 
this  direction  having  been  aroused  through  another  and  quite  a 
different  cause.     So  far  the  analogy  holds.     Up  to  the  period  of 
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attack  there  is,  however,  nothing  tangible  on  which  to  lay  hold ; 
but  the  moment  a  white  speck  (however  small)  appears  on  the 
fauces,  the  disturbance  of  system  commences,  and  is  out  of  all 
proportion  to  the  local  symptoms.  The  fever  is  extreme,  and  the 
consequent  debility  is  in  accordance.  At  this  stage,  if  active 
treatment  is  adopted,  there  is  no  disease  more  easily  amenable  to 
treatment ;  and  it  is  remarkable,  and  tends  much  to  confirm  the 
suspicion  of  the  fungoid  origin  of  the  malady,  that  as  soon  as  the 
local  white  patch  is  destroyed,  and  does  not  return,  the  general 
disturbance  of  system,  as  fever,  loss  of  appetite,  tkc,  disappears 
in  an  incredibly  short  space  of  time,  and  the  system  reverts 
quickly  to  the  standard  of  health  previous  to  the  attack.  Should, 
however,  this  first  stage  be  allowed  to  pass  unnoticed  it  may  be, 
the  white  patches  quickly  enlarge,  and  in  the  event  of  the  wind- 
pipe being  involved,  the  patient  may  die  asphyxiated.  In  other 
cases  (and  these  the  majority),  local  treatment  may  efiect  destruc- 
tion of  the  patches,  but  now  there  is  generally  no  recession  of  the 
general  symptoms.  They  rather  increase,  and  blood-poisoning  in 
its  worst  form  is  shewn.  It  may  be  the  local  symptoms  still 
manifest  themselves  in  the  discharge  of  large  quantities  of  long 
stringy  mucus,  but  death  is  clearly  due  to  rapid  deterioration  of 
the  blood. 

A  certain,  although  small,  proportion  of  such  cases  recover,  but 
for  many  months  the  system  is  in  a  low  state  of  vitality.  The 
local  paralyses  which  often  ensue  are  characteristic,  and  are  more 
easily  explained  on  the  supposition  of  a  local  poison  in  the  first 
instance,  more  especially  paralysis  of  the  vocal  organs. 

My  present  limits  will  not  allow  me  to  follow  in  detail  the  other 
peculiarities  manifested  in  course ;  but  sufficient  has,  I  trust,  been 
stated  to  indicate  that  the  broad  features  of  the  course  of  the 
malady  assimilate  in  no  ordinary  degree  to  what  might  be  expected 
from  the  action  of  a  local  poison  at  first  acting  as  such. 

It  may  appear  to  many  of  you  that  this  theory  of  the  origin 
and  spread  of  some  of  the  zymotic  poisons  differs  essentially  from 
another  that  has  been  ably  advocated  by  our  vice-president,  but 
the  difference  is  more  apparent  than  real  I  have  long  believed, 
and  this  belief  is  now  shared  by  several  observers,  that  after 
putrefaction  of  organic  substances  has  advanced  to  the  stage  where 
the  evolution  of  sulphuretted  hydrogen  and  kindred  gases  takes 
place,  that  by  far  the  greater  part  of  the  danger  is  past  Witness 
the  horrible  combination  of  smells  given  off  in  hot  weather  from 
the  Clyde  at  the  Broomielaw,  and  downwards  for  miles.     Evei*y^ 
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thing  goes  to  prove  that,  however  deleterious  to  health  otherwise, 
these  gases  do  not  give  origin  to  diphtheria  and  gastro-enteric  fever; 
nay,  I  would  go  a  step  further,  and  say  that  even  summer  diarrhosa 
is  not  more  prevalent  in  the  neighbourhood  of  the  river  than  else- 
where. Is  it  not  notorious,  on  the  other  hand,  that  summer 
diarrhoea  is  far  more  prevalent  in  liot  wet  seasons,  when  vegetation 
is  rank,  and  the  fruits  and  vegetables  for  sale  are  in  such  a  condi- 
tion as  implies  the  strong  probability  that  they  are  infested  by  the 
mycelium  of  minute  fungi,  to  which  allusion  has  been  made.  I  am 
far  from  believing  that  putrefaction,  apart  from  the  influence  of 
fungoid  growth,  is  innocuous ;  but  I  hold  that  the  direct  evil  effects 
of  putrefaction  are  mostly  seen  when  the  downward  course  has 
just  commenced,  and  not  when  the  evolution  of  offtensive  gases  has 
proceeded ;  in  other  words,  it  is  only  when  the  putrefactive  changes 
(or  fermentation,  if  you  will)  are  least  removed  from  healthy 
organic  life,  that  the  products  of  such  changes  act  so  deleteriously 
upon  other  organisms,  whether  vegetable  or  animal.  The  hant" 
gout  of  the  French  is  in  corroboration  of  this,  and  it  is  well  known 
that  several  tribes  of  human  beings  enjoy  flesh  in  a  highly  tainted 
condition,  and  thrive  on  it.  Besides,  vultures  and  birds  of  this 
description  luxuriate  in  such  messes,  and  even  prefer  to  wait  until 
putrefaction  has  advanced  to  this  disgusting  stage.  Many  instances 
might  be  adduced  in  corroboration  of  this  statement.  A  brief 
account  of  one  that  impressed  me  strongly  at  the  time  may  not 
be  reckoned  amiss.  Three  summers  ago,  during  the  warm,  wet 
weather  whidi  then  prevailed  for  a  short  time,  I  was  called  out  a 
short  distance  from  town  to  see  what  was  reported  as  a  case 
of  fever  in  a  boy  of  six.  It  turned  out  to  be  diphtheria  of  a  severe 
type.  The  three  children  who  slept  in  the  same  bedroom,  the 
window  of  which  was  allowed  to  remain  open  during  the  night, 
were  successively  attacked,  and  the  one  first  infected  barely  escaped 
with  life,  and  remains  still  a  sickly  child.  On  my  second  visit  I 
happened  to  take  a  stroll  in  the  garden,  and  noticed  a  heap  against 
the  end  wall  of  the  cottage,  composed  principally  of  branches  of 
shrubs,  intermixed  with  decaying  vegetables — as  the  smaller 
annuals,  cabbages,  &c  While  scattering  the  whole,  I  was  rendered 
sensible  of  a  faint,  sickening  odour,  which  evidently  emanated  from 
the  vegetables.  A  minuter  investigation  revealed  abundant  evi- 
dence of  the  smaller  fungi  in  active  growth.  This  heap  was 
immediately  under  the  bedroom  where  the  children  had  slept. 
The  baby,  as  well  as  the  parents,  who  slept  on  the  ground  floor, 
'And  on  the  opposite  side  of  the  cottage,  escaped.    This  tells  its  own 
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tale,  and  requires  no  further  comment.  But  I  cannot  forbear 
repeating  the  injunction,  that  such  heaps,  especially  if  composed  of 
tender  vegetables,  unmixed  with  ashes,  should  never  be  allowed  to 
accumulate  near  dwellings  during  warm  wet  weather. 

Again,  statistics  have  shewn  that  life  in  the  country  during  the 
latter  half  of  September,  the  whole  of  October,  and  part  of  Novem- 
ber, is  less  healthy  than  that  in  large  towns.  Children's  diseases, 
especially  those  of  the  throat,  are  more  prevalent  and  fatal,  and  even 
epidemics  of  measles  and  scarlatina  assume  a  more  dangerous  type. 
A  feasible  explanation  of  this  difference  is  afforded  from  the  fact  of 
the  general  decay  of  vegetable  matter,  as  well  as  from  the  almost 
universal  prevalence  and  luxuriance  of  fungoid  growths;  and  it  is 
noticeable  that  such  diseases-  as  scarlatina  and  measles,  whose  more 
general  complications  involve  the  throat  and  lungs,  are  dangerous 
to  life  mainly  through  the  virulence  of  these  complications,  and  such 
complications,  be  it  remembered,  are  those  to  which  we  have  chiefly 
directed  your  attention  in  the  preceding  remarks. 

So  far  as  I  have  been  able  to  ascertain,  comparisons  have  not  been 
instituted  between  the  degrees  of  salubrity  of  inland  and  sea-side 
country  life  during  the  months  alluded  to ;  but  I  am  strongly  of 
opinion  that  the  result  of  such  investigations  would  be  decidedly  in 
favour  of  sea-side  life,  and  mainly  for  the  reasons  already  given. 

By  way  of  contrast  to  what  has  been  so  much  dwelt  on,  permit 
me  lastly  and  briefly,  to  revert  to  what  has  been  incidentally 
touched  on  already — viz.,  the  unfavourable  condition  of  the  weather 
of  this  summer  and  autumn^to  the  growth  a&d  development  of  fiingi, 
both  large  and  small 

The  small  fungi  were  scarcely  discernible  in  localities  where  they 
usually  abound,  and  even^  in  those  low-lying,  perpetually  moist 
places,  their  favourite  haunts,  scarcely  a  tithe  has  been  seen.  The 
very  household  flies,  which  generally  suffer  terribly  towards  the  end 
of  September  from  the  ravages  of  a  peculiar  fungus,  have  been 
almost  exempted  this  year.  Until  quite  lately  (beginning  of 
December),  two  or  three  might  have  been  heard  buzzing  in  a  lively, 
energetic  manner  in  our  parlours.  Even  now  it  is  scarcely  possible 
to  detect  the  remains  of  any  coated  with  the  woolly-like  Saprolegnia. 
The  inference  deducible  from  all  this,  on  the  basis  of  the  theory 
expounded,  must  be  evident,  and  is  corroborated  by  facts. 

This  summer  and  autumn  have  been  exceptionally  healthy,  as  the 
Begistrar's  reports  have  from  time  to  time  revealed.  There  have 
been  much  fewer  cases  of  sore  throat,  and  those  that  have  occurred 
have  been;  as  a  rule,  easily  under  controL    Duriiig  the  latter  half  o£ 
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November  and  beginning  of  December,  those  living  in  the  conntrr 
suffered  in  much  greater  proportion  than  we  in  town,  but  not  until 
the  wet  weather,  with  a  somewhat  higher  degree  of  temperature 
than  usual  had  set  in. 

But,  gentlemen,  I  must  desist.  I  have  much  exceeded  my  pre- 
scribed limits,  and  have,  besides,  diverged  in  a  direction  which  was 
not,  in  the  first  instance  at  least,  intended.  The  subject  as  I  pro- 
ceeded opened  up,  and  the  temptation  to  give  expression  to  thoughts 
which  had  long  engaged  my  attention,  was  too  strong  for  resistance ; 
and  now  that  expression  has  been  given,  I  feel  that  adequate  justice 
has  not  been  given  to  such  an  important  question.  I  have  this  con- 
solation, however,  that  the  discussion  which  may  be  provoked  will 
probably  serve  to  clear  up  some  doubtful  points,  as  well  as  form  the 
stimulus  to  the  writing  of  a  more  connected  and  consistent  paper  on 
a  part  of  hygiene  which  comes  home,  or  ought  to  come  home,  to  all 
of  us,  lay  as  well  as  medical. 


Additions  to  the  Lichen  Flora  of  New  Zealand  and  the  Chatham 

Jslands. 

The  first  two  lichens  described  form  part  of  the  extensive  collec- 
tions from  the  Chatham  Islands,  by  the  late  Mr.  Travers,  and  now 
in  the  possession  of  Dr.  Hector,  N.Z.,  who,  at  the  instance  of  Mr. 
John  Buchanan,  Wellington,  N.Z.,  forwarded  specimens  for  deter- 
mination; the  rest  are  from  Mr.  Buchanan,  who  collected  them,  for 
the  most  part,  in  the  neighbourhood  of  Wellington. 

Calycidium  cuneatum,  gen.  nov. 

Th alius  gkucescenti-virescens  vel  interdum  fuscescenti-virescens 
vel  etiam  pall  id  e  fuscescens,  laciniis  formatus  planis  (latit.  S-4 
millim.)  cuneatis  adscendentibus  (alt.  circiter  10-12  mm.),  apicibus 
crenatis,  subtus  albus  vel  albidus,  radiatim  rugosus  vel  fere  veno- 
Rus ;  apotheeia  fuscescentia  seasilia,  plerumque  terminalia  interdum 
lateral ia,  mediocria  convexa  rugoaa  interdum  csesio-pvuinosa,  in 
cupulis  laciniarum  recepta,  epithecio  a  .massa  sporali  denudata 
constitute ;  sporae  globossa  fuscescentes  simplices,  diam.  '004  —  -006 
mm.  ;  paraphyses  parcsd  breves  irregulares ;  hypothecium  laxum 
fuscum  vel  in  lamina  crasdiuscitla  fusco-nigrum.  >(lel.  hym.  iodo 
non  tinota. 
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Supra  cortices,  Chatham  Islands. 

It  is  only  at  a  Very  eariy  stage  of  development  that  thecse  are 
detected,  when  the  speres  sere  of  a  smaller  size,  eight  in  number,  and 
colourless.  At  finst  sight  this  plant  may  be  mistaken  for  a  stunted 
form  of  Sphasrophorofi  ausCrale  (Hoek.  and  Bab.),  but  an  examination 
of  the  hymenium,  <S^.,  reveals  closer  affinities  to  *Catieium  and 
TrachyHa,  and  more  especially  to  Acrescyphus. 

Pannaria  thysanota,  sp.  nov. 

Thallns  albidus  vel  pallidus  vel  pallide  cinereus,  laciniostis,  laciniis 
creberrHer  dispositis  adscendentibus  angtistis,  margine  crenato- 
incisis,  subtus  pallide  fuscescens  fere  nudus  et  oontinuus  ;  apothecia 
biatoriRa  rufa  plana  mediocria  vel  majuscula  (latit.  usque  ad 
l'5mm.),  margine  integro  demuni  fere  exclnso,  intns  incoloria; 
sporse  Snse  incolores  simplices  ellipsoidese,  -014  — 1:>18  x 'GOG  — 
•008  mm. ;  paraphyses  non  bene  discretse  fere  conglutinatse,  apicibns 
incoleribus  vel  leviter  fuscescentibus ;  hypothecium  incolor.  Gel. 
hym.  iodo  coerulescens.  Gonimia  coemlescentia  mediooria,  latit. 
•009  —  '014  mm.,  in  parvis  glomerulis  contenta. 

Supra  cortices,  Chatham  Island. 

Stereocaulon  Buchanani,  sp.  ncrv. 

Thallus  tenuis  granulosus  eifusus,  cinerascens  vel  cimereo-vires- 
cens,  e  gonidiis  conglomeratis  mediocribus,  gonimiis  parvis,  pie- 
rumqne  sirosiphoideis  et  filamentis  irregularibus  fere  omnino 
constans  ;  apothecia  majuscula  (latit.  1  —  2  mm.)  sessilia  vel  elevato- 
sessilia,  interdum  conglomerata,  fusca  (junioribus  pallidis  et  non- 
nihil  turbinatis)  convexa  et  immarginata,  intus  fuscescentia,  tes^tura 
tenaci  cornea ;  sporsa  Snsd  dn  thecis  cylindricis,  longissimse  fili- 
formes  40  —  50  -  septatse,  '16  -  '23  x  -0033  -  -004  mm. ;  paraphyses 
baud  distinctse.  GeL  hym.  iede  leviter  ccerulescens  (apicibus  theca- 
rum  intensius  tinctis)  dein  rufescens. 

Supra  cortices  vetustos,  plerumque  cum  Hopaticis  intermixtum, 
prope  Wellington,  sat  copiose. 

A  remarkable  lichen. 

In  the  extreme  length  and  tensity  of  its  spcfres,  the  former 
dimension  reaching  almost  the  limit  ia  this  respect  amongst  lichens, 
in  the  tenacious  stiff  gelattine  which  pervades  the  hymenium,  and 
almost  conceals  the  paraphyses,  until  the  application  of  liq.  potass^e, 
which  softens,  if  it  does  not  dissolve  this  gelatine,  as  well  as  in  the 
presence  of  longitudinal  cavities  apart  from  the  thecse,  this  lichen 
ihews  considerable  affinities  to  the  ourioas  and  anomalous  genua 
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Gomphillus,  On  the  other  hand  the  apotheciA  in  their  external 
conformation,  and  more  e&peciaJly  in  the  fact  that  occasionallj  very 
short  stipites  are  present,  coated  with  granules,  betray  a  manifest 
relationship  to  Stereocatdon,  with  which  I  have  united  the  plant. 
This  relationship  is  rendered  more  manifest  through  the  variety  of 
Si,  condensatum,  where  the  apothecia  are  also  sessUe,  or  nearly  so,  on 
mosses,  and  have,  at  first  sight,  much  the  aspect  of  those  of  a 
Lecidea,  whUe  the  presence  in  the  thallus  of  gonimia,  in  a  sirosi- 
phoid  state,  affords  corroborative  evidence  in  the  same  direction. 
Lastly,  in  SL  strictum,  and  in  one  or  two  others,  there  are  some 
spores  very  much  resembling  those  of  the  present  lichen,,  although  not 
more  than  half  as  long..  The  reactions  by  means  of  iodine  on  the 
hymenial  gelatine  also  correspond  generally  to.  those  seen  in  species 
of  the  same  genus. 

Kicasolia  asperula,  sp.  nov. 

Thallus  pallide  luridus  vel  lurido-cervinus  mediocris  aut  late  ex- 
pansus  (latit.  interdum  S^pollicari),  fere  totus  laciniato-lobato-divi- 
sus  laciniis  sinuato-incisis.  fere  scrobiculato-inaequalibus,  plerumque 
conferte  laciniato-isidiosis,  subtus  nigricans  et  prsesertim  versus 
ambitum  tomentellus  et  ibidem  pallidior,  strato  medullari  albido 
(K.  flavescente,  dein,  C.  addito,  ferrugineo-rufo) ;  apothecia  rufa, 
sparsa  majuscula,  receptaculo  thallino  tuberculoso-ruguloso  et 
inflexo;  sporse  Suae  incolores  demum  dilute  fuscescentes,  fusi- 
formes,  1  -  (interdum  3  -)  septatae,  '034;  -  -046  x  -008  -  01  mm.  Gel. 
hym.  iodo  flavescens,  thecae  coerulescentes. 

Supra  cortices  arborum  prope  Wellington. 

Farmelia  pertransita,  sp.  nov. 

Sat  similis  P.  pertuacB  sed  thalla  supra  crassiusculo,  e  textura 
dense  compacta  fere  cornea  composite  et  medulla  laxe  contexta 
(K  -  ),  subtus  fusco-nigro  vel  nigro  et  nudo*  Apothecia  sessilia  vel 
substipitata  fusca  mediocria  (latit.  interdum  usque  5  mm.)  ;  sporse 
8  nsB  simplices  ellipsoidese,  episporio  duplici,  '025  -  '035  x  -016  -  *023 
mm.     Corticola. 

This  lichen  is  closely  allied  to  P,  pertusa  ;  but  the  differences,  as 
indicated  above,  are  of  much  too  great  significance  to  permit  of 
identification  with  it.  The  medulla  is  composed  of  fibres  very 
loosely  interwoven,  and  such  that  the  hypothallus  is  very  often 
separated  from  the  upper- corneous  stratum. 

Psoroma  contextum,  sp.  nov. 

Thallus    pallidus    vel    pallide    flavescens    adpreaso-squamosu^ 
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squamis  discretis  vel  confertis,  lobato-crenatis  sat  parvis,  hypo- 
thallo  coeruleo-nigro  subbyssoideo  adfixis;  apotbecia  rufa  vel  badio- 
rufa  mediocria  vel  majuscula  planiuscula,  margine  tballino  inflexo 
radiatim  crenulato-striato  cincta;  sporsd  8nae  incolores  simplices 
ellipsoidese  in  halone  lata  bene  definita  involutse,  episporio  duplici, 
•018  -  '024  X  '012  —  -017  mm*;  parapbyses  baud  bene  discrete.  Gel. 
bym.  iodo   leviter  ccerulescens  dein  vinose  folvescens. 

Ad  corticem  arborum,  Wellington*  Affine  Fs,  xanthomekmo  (NyL 
in  bb.  Hook.). 

Psoroma  caliginosum  sp.  nov. 

Tballus  pallide  cervinus  vel  flavido-fuscescens  squamulosus, 
squamulis  majuscn-lis  lobatoK^renatis  adpressis,  sparsis,  contiguis  vel 
congestis ;  bypotballus  niger  vel  coenileo-niger  dense  rbizinoideus ; 
apotbecia  nigra  satis  parva,  margine  tballino  radiatim  crenato 
inflexo;  sporse  Snae  incolores  simplices  ellipsoid ese,  -012  — -017  x 
'009  -  '012  mm.;  parapbyses  sat  graciles,  apicibus  conglutinatis  fere 
nigris.  Gel.  bym.  iodo  coemlescens  dein  vinose  violacea.  Spermo- 
gonia  coerulee  nigra  prominula  majuscula  irregularia,  extus  ssepe 
linearia,  artbrosterigmatibus  longis  prsedita,  spermatiis  apicibus 
incrassatulis,  circiter  '004  x  '0015  mm. 

Supra  cortices  prope  Wellington. 

Lecanora  rubrocincta,  sp.  nor. 

Tballus  albidus  rimoso-areolatus  nonnibil  fiirinaceus  (K.  flavens, 
0.  flavens);  apotbecia  sessilia  ssepe  anguloso-difibrmia  marginata, 
epithecio  piano  testaceo  albo-pruinoso  (K.  flavente,  C.  flavente), 
excipulo  integro  (K.  intense  rubente);  sporse  Snse  incolores  sim- 
plices ellipsoidese,  -012  — '014  x  •008- '009  mm.;  parapbyses  baud 
distinctsB  apicibus  citrinis  vel  luteo-fusceseentibus  et  granuloso- 
inspersis.     Gel.  bym.  iodo  coemlescens. 

Ad  saxa  prope  Wellington. 

Tbis  licben  bears,  at  first  sigbt,  a  considerable  resemblance  to 
Lecanora  a/ngulosa  (Ach.).  C  alone  bas  no  visible  reaction  on  tbe 
epitbeciiim,  and  tbis,  as  well  as  tbe  size  of  tbe  spores,  separate  it 
from  L,  pallescens  (L.).  Tbe  receptacle  (complete)  bas  often  a 
reddisb  or  rose  tint,  especially  on  tbe  margin. 

^   Lecanora  subundulata,  sp.  nov. 

Tballus  albidus  vel  pallide  virescens  vel  etiam  virescens  interdum 
vix  alius  visibilis;  apotbecia  parva  plana  sessilia  fusca  vel  fusco- 
uigra,  margine  albo  prominulo^  demum  fere  exduso  cincta;  spor» 
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8nse  incolores  oblongse  ssepe  curvulse,  3-septat8e,  e  regione  septomm 
constrictulse,  014  - '02  x -0045  -  *005  mm.;  paraphysea  non  bene 
distinctffi  fere  conglutinataB;  hypothecium  fusco-rufum  vel  fiis- 
oescens.  Gel.  hyro.  iodo  coerulescens  deinde  vinose  rubens  vel 
vinose  fulvescens,  sporse  flavescentes. 

Supra  frondes  Nephrodii  hiapidi  (Hook). 

It  is  possible  that  this  lichen  is  identical  with  Lecanora  dimidiaia 
(Ach.),  given  on  the  authority  of  Professor  Churchill  Babington,  to 
which,  however,  I  can  find  no  reference  either  in  the  Synopsis  or 
Lich.  Univ. 

Pertusaria  dinota,  sp.  nov. 

Thai  1  us  albus  crassus  rimoso-difiractas,  rngosus  et  ssepe  fossulis 
minutis  incoloribus  creberriter  inspersus  (K.  flavens  dein  auranti- 
aco-rubens) ;  apothecia  plerumque  in  verrucis  innata,  lecanorina 
nigricantia  (latit.  fere  1  mm.)  plana  rugosa ;  sposse  4n8e  incolores 
ellipsoidese,  *07  -  *09  x  '034  -  '04  mm. ;  paraphyses  conferte  satis 
bene  distinctse.  Gek  hym.  iodo  intense  coerulescens  prssertim 
ea  thecas  ambiens. 

Ad  saxa  prope  Wellington. 


Pertusaria  ceuthocarpa  (Sm.). 

*  crenulata  (Strn.). 

Similis  P,  ceuthocarpce  sed  endosporio  belle  sulcato-crenato  et 
sporis  majoribus,  '14  ~  *2  x  '05  -  '70  mm.  Iodo  prdtoplasma  spora- 
rum  flavens,  thecse  coerulescentes.    Saxicola. 

Pertusaria  ceuthocarpa  (Sm.). 

*  versicolor  (Strn.). 

Similis  P.  ceuthocarpcB  sed  thallo  X.  non  reagente  €t  verrucis 
apotheciorum  K.  fl.  dein  rubentibus :  -cetera  sicut  m  priore. 
Saxicola. 

Pertusaria  creberrima,  sp.  nov. 

Thallus  pallidus  vel  pallidocinereus  crassiuscultis  ragosus  vel 
interdum  papillosus  (K-C-) ;  apothecia  conferta  in  verrucis  thallinis 
primum  coarctatis  demum  expansis  et  lecanorinis  innata,  epithecio 
concave  csesio-pruinoso  vel  nudo  et  fuscescente  (latit.  usque  interdum 
1'2  mm.)  ;  thecse  confertissimae  monosporse,  sporse  oblongse,  vel 
oblongo-ellipsoideae  incolores  simplices,  episporio  tenui  (sicut  in 
Lecanora  tartarea),  •!  -  '16  x  -035  -  '06  mm. ;  paraphyses  filiformes 
granuloso-inspersffi,  circum  thecas  creberrius  dispositse.  Iodo  thec» 
coerulescentes.     Cortioola. 
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The  tbecee  (in  the  specimens  sent)  are  placed  closely  together,  and 
in  regular  series,  as  in  Lecanora.  This  lichen  bears  a  close  affinity 
to  P.  intranidulans  (Stm.),  from  Canada,  bnt  the  spores  are  larger, 
and  the  reactions  with  iodine  are  difierent,  &c. 

Pertusaria  sorodes,  sp.  nov. 

Thallns  albidus  vel  pallidas  nonnihil  mgnlosus  (K-C-) ;  apo- 
thecia  numerosa,  in  protuberantiis  thallinis  prominentibus  ovatis 
vel  nonnihil  irregnlaribns  (longit.  usque  6  mm.)  immersa,  15-30 
in  quavis  protuberantia,  ostiolis  punctiformibus  nigris  vel  interdum 
fere  incoloribus  et  tunc  foveolatis ;  sporse  2n8B  incolores  oblongae 
vel  oblongo-ellipsoidese,  endosporio  belle  plicato,  -14  -  '22  x  -045 
-  *065  mm. ;  paraphyses  molliusculse  divaricato-ramosse.     Corticola. 

Pertusaria  ascnpta,  sp.  nov. 

Similis  P.  phlyctcenulcR  (Nyl.)  sed  thallo  albido  squamuloso  vel 
squamuloso-concreto  bene  evoluto  (K-C-),  et  apotheciis  elevato- 
sessilibus  lecanorinis  mediocribus  (latit.  circiter  1  mm.).  Sporse 
Snse,  seepissime  uniseriatsB  ellipsoidese  kte  haloniataB,  02  -  *03  x 
•012 -'016  mm.;  paraphyses  parcissimse}  hypothecium  continuum 
crassiusculum.     Corticola. 

The  thecsB  are  crowded,  and  lilmost  in  apposition,  with  only  a  few 
paraphyses  apparently  in  contact  with  and  in  close  relationship  to 
their  walls.  There  is  also  a  thick,  yellowish,  grumous,  continuous 
hypothecium. 

It  is  noticeable  that  while  in  P.  cameo-paUida  (Nyl.),  also  closely 
allied  to  this,  the  reactions  of  the  epithecium  are  K — C.  red,  or  even 
with  C.  alone  red,  there  are  ne  visible  reactions  with  the  same 
re-agents  on  the  epitheciwrn  of  the  New  Zealand  Pertusaria — 
^•0.,  JlL— O— . 

Coenogonium  interplexum  (Nyl.) 
*  contextum  (Stm.) 
Simile  C.   interplexo  sed  apotheciis  aurantiacis  et  gel.  hym.  iodo 
bene  vinose  rubente  vel  potius  vinose  violacee  rubente.     Corticola. 

Lecidea  electrodes,  sp,  nov. 

Thallus  pallidus  vel  pallide  cinerascens,  tenuis  pulvemlentus ; 
apothecia  citrina  sessilia  mediocria  nonnihil  irregularia,  plana  vel 
convexiuscula  immarginata  intus  incoloria;  sporse  8nie  simplices 
incolores  oblongse  interdum  curvul®,  -01  -  '016  x  '0035  -  -004  mm.  \ 
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paraphjses  non  discretae;  hypotbecium  incolor.  Gel.  bym.  iodo 
intense  coerulescens.     Gonidia  majuscula,  diam.  "OH  -  *02  mm. 

Ad  ligna  decorticata  prope  Wellington. 

Perhaps  a  form  of  Z.  Ehrhartiana,  although  the  spores  are  always 
simple. 

Lecidea  pineti  (Ach.) 
Ad  cortices. 

Lecidea  cyanopis,  sp.  no  v. 

Thallus  pallidus  aut  pallide  cinereus  tenuis ;  apothecia  nigra 
caesio-piniinosa  mediocria  plana  obtuse  marginata;  sporse  8n«  in 
thecis  saccatis,  incolores  simplices  ellipsoideae,  •012- •016  x  •008  — 
•01  mm.;  parapbyses  graciles  nonnibil  ramosse  apicibus  clavatis  fere 
incoloribus  ;  hypotbecium  fere  incolor  sed  strato  denso  purpureo  sub- 
tensum.     Gel.  hym.  iodo  ccerulescens  dein  obscure  yiolacea. 

Ad  cortices.     Wellington.. 

Lecidea  corroborans,  sp.  nov. 

Subsimilis  L.  melanoWopcR  (Nyl.)  sed  sporis  majoribus,  "016  — 
*022  X  '01  -  •Old  mm. ;  apicibus  paraphysium  incoloribus  et  non 
clavatis,  paraphysibus  crassioribus  et  indistinctioribus  et  iodo  gela- 
tina  hymeniali  coeruleseente.     Cortioola  prope  Wellington. 

Lecidea  hypopelidna,  sp^.  nov. 

Thallus  obscure  viridi-flavescens  tenuis,  minute  granulosus  fusco- 
limitatus  (K.  flavescens  dein,  C.  addito,  persistenter  erythrinosus, 
sed  C.  seorsum  aurantiacus) ;  apothecia  sessilia  nigra  mediocria 
plana  rugosa  tenuiter  marginata;  sporse  Snse  fuscffi  ellipsoideie 
1-septatae,  '01  -  •G14x  ^0065  -  "008  mm.;  paraphyses  pellucide 
conglutinatse  apicibus  niger  crasse  clavatis;  hypotbecium  fusco- 
nigrum.     Gel.  hym.  iodo  coerulescens  dein  obscurata. 

Ad  cortices  vetustos,  Wellington.  Forsitan  nimium  arete  affinis 
L,  glauco-nigellcR  (Nyl.),  Scand.,  p.  238. 

Lecidea  phyllophila,  sp.  nov. 

Thallus  tenuis  pallidus  vel  virescens  pulverulentus ;  apothecia 
parva  vel  mediocria  nigra  plana  vel  convexiuscula  rugosa  immar- 
ginata,  intus  nigricantia  interdum  purpurascentia ;  sporse  (2  -  6)ne 
plerumque  4nfiB,  incolores,  cylindracese,  10  -  18  -  septatte  fere 
murali-divisffi,  saepe  curvulse,  •075- '11  x '009  - '016  mm.;  para- 
physes    indistinctae    irregulares    intricato  -  ramosse ;    hypothecium 
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nigricans.  Gel.  hym.  iodo  intense  coerulescens  dein  obscurata, 
sporse  flaventes. 

Supra  frondes  filicnm  praesertim  Nephrodii  hispidi  -(ITook). 

This  lichen  lias  also  been  sent  from  Western  Tropical  Africa;  and 
although  I  cannot  satisfy  myself  that  it  is  identical  with  any 
described  by  Montagne,  and  found  also  growing  on  leaves,  it  is 
impossible  to  resist  the  suspicion  that  such  may  be  the  case. 
Montagne's  descriptions  are  now  quite  inadequate  for  discrimina- 
tion of  species. 

Lecidea  luteola  (Ach.) 

Ad  cortices  prope  Wellington, 

Pycnides,  which,  it  is  alleged,  appertwn  to  this  lichen,  are  very 
abundant  on  several  New  Zealand  specimens.  They  are  in  the  form 
of  minute  black,  nearly  globular  prominent  vertucie,  and  contain 
stylospores  measuring  -008  -  -01 2  x  -0035  mm.  It  is  somewhat 
curious  that  in  not  a  single  instance  have  there  been  seen  stylo- 
spores  attached  to  the  basidia  of  greater  dimensions  than  '004  x 
'0025  mm.,  however  carefully  the  dissection  may  have  been  made. 
Another  circumstance  worthy  of  remark  is,  that  the  pycnides,  when 
present,  are  generally  in  much  greater  abundance  than  the  apo^ 
thecia,  and,  in  the  New  Zealand  specimens,  always  scattered  amongst 
the  apothecia  of  a  singular  form  of  Verracaria  nucvZa,  described  here- 
after. It  was  only  after  the  detection  of  two  or  three  apothecia  of 
Z.  luteola^  scattered  over  what  appeared  as  the  thallus  of  Fcr- 
nucula  (abundantly  supplied  with  fruit),  that  the  probability  of 
these  pycnides  belonging  to  the  former  arose  at  alL  With  this 
mere  statement  of  facts,  I  shall  meanwhile  leave  the  matter  in 
abeyance. 

Lecidea  permutata,  sp.  nov. 

Thallus  pallidas  vel  pallide  cinereo-glaucescens,  rugosulus  rimu- 
loso-areolatus  bene  evolutus ;  apothecia  sessilia,  fusca  plana  medio- 
cria  (latit.  circiter  '8  mm.),  margine  pallido  interdum  undulate 
prominulo  cincta ;  sporse  Snse  incolores  fusiformes  vel  bacillares 
curvatae,  vix  septatse  vel  indistincte  septatse,  -03  -  '045  X  '002  - 
'0025  mm.;  paraphyses  baud  distinctsB  apicibus  incoloribus  non 
clavatis ;  hypothecium  crassum,  in  lamina  crassiuscula  visum,  fusco- 
nigmm  (K.  violascens).     Iodo  gel.  hym.  coerulescens.     Corticola. 

Spermogonia  extus  fusco-nigra,  in  vemicis  thallinis  prominulia 
(latit.  circ.  *2  mm.)  innata;  spermatia  recta,  '003  X  *001  mm. 
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Lecidea  perlata,  sp.  nov. 

Thallus  albidus  nitidiusculus  mgulosus  rimuloao-areolatuH  bene 
evolutus  (K.  flav.);  apotbecia  innato-sessilia,  pallida  vel  pallide 
carnea,  plana  vel  planiuscula  immarginata  mediocria,  rotundata 
vel  oblonga,  interdum  aggregata  et  tunc  difformia;  sporse  Sum 
gracillimte  cylindraceo-fusiformes  spiraliter  curvatae,  vix  septatse, 
•04  -  '055  X  -002  —  '0025  mm, ;  pai*aphyses  non  bene  distincte  apici- 
bus  non  clavatis  incoloribus;  hyix>thecium  incolor.  lodo  gel.  liym. 
leviter  ccerulescens  (praesertim  para  supera  hymenii)  dein  pallide 
fulvescens.     Corticola. 


Graph  is  scapbella  (Ach.),  and 

Graphis  enteroleuca  (Acb.),  growing  intermingled  on  bark. 

Platygrapha  atrata,  sp.  nov. 

Thallus  albidus  vel  pallide  flavescens  tenuis ;  apotbecia  nigra 
concava  depressa,  rotundata  (latit.  circiter  '25  mm.),  margine  thai- 
lino  circuniscisso  cincta;  sporae  8nae  incolores  obtuse  fusiform  es 
3  -  septatoB,  '016  —  -018  x  '0035  -  -004  mm.  ;  paraphyses  distinctse 
parcue  irregulares  apicibus  incoloribus ;  hypothecium  incolor.  Gel. 
hym.  iodo  dilute  vinose  fulvescens.     Ad  corticem  prope  Wellington. 

Platygrapha  gelatinosa,  sp.  nov. 

Thallus  flavidus  vel  flavescens  tenms  minute  rimuloso-areolatus 
determinatus  chrysogonidicus  (gonidiis  majusculis),  (K.  flavens  vel 
potius  pallide  fulvescens  dein,  C.  addito,  sordide  erythrinosus) ; 
apotbecia  in  verrucis  albidis  depressis  innata,  linearia  flexuosa, 
interdum  ramulos  laterales  emittentia,  fusca  plana  immarginata, 
madida  pallide  fuscescentia  translucida;  sporae  Snsd  incolores 
fusiformes,  rectae  interdum  curvulae  3  -  5  -  septatse,  -016  —  '024  x 
'003  -  -004  mm. ;  paraphyses  discreta3  graciles  irregulares  nonnibil 
ramosae  apicibus  incoloribus;  hypothecium  incolor.  Gel.  liym. 
iodo  vinose  rubens. 

Ad  corticem  Wellington* 

Platygrapha  subgelatinosa,  sp.  nov. 

Thallus  chrysogonidicus  albidus  vel  pallid  us  nonnibil  farinaceus 
(C.  erythrinosus);  apotbecia  innata  oblonga  flexuosa  vel  irregu- 
lariter  ramosa,  fusca  plana  margine  thallino  discisso  cincta ;  sporae 
(6  -  8)  nsB  incolores  obtuse  fusiformes  normaliter  7  —  septatae,  inter- 
dum 9-Beptatae,  -024  — -032  x '004- -005    mm.;   paraphyses    satis 
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bene  discretae  graciles  divaricato-ramosse ;  hTpothecium  incolor. 
Gel.  hym.  iodo  vinose  rubescens. 

Ad  saxa  prope  Wellington. 

Tlie  two  preceding  are  unlike  any  others  of  the  genus  Platy- 
grapha  from  Kew  Zealand  that  have  hitherto  come  undet  my  notice. 
They,  along  with  several  others  from  warmer  climates,  form  a 
distinct  group,  and  partake  of  the  characters  of  Opegrapha  and 
Platygrapha, 

The  Gonidia  have  very  generally  the  yellow  granular  contents 
seen  in  several  species  of  Opegrapha,  but  the  shade  of  colour,  in  one 
specimen  at  least,  merges  somewhat  towards  green  or  yellowish- 
green. 

Arthonia  diaphora,  sp.  nov. 

Thallus  pallide  cinereus  rugosulus  rimuloso-areolatus  (sub  lentc 
visus)  bene  evolutus;  apothecia  fusca  vel  ftisco-nigra,  primum 
innata  et  parva  demum  sessilia  prominula,  convexa  immarginata 
et  rugosula  (la tit.  circ.  '4  mm.) ;  thecae  arthonioideae  monosporse 
interdum  2  —  spone,  sporse  incolores  ellipsoideae  1  -  septatse,  "04  - 
•056  X  '025  -  '032  mm. ;  paraphyses  valde  indistinctae ;  hypothecium 
incolor.     Iodo  gel.  hym.  ccerulescens.     Corticola. 

This  curious  lichen  is  evidently  more  allied  to  the  Arthonise  than 
the  Lecidese.  The  septum  is  not  always  quite  distinct,  although  in 
every  instance  the  protoplasm  is  divided. 

Arthonia  perparvula,  sp.  nov. 

Thallus  pallide  cinereus  tenuissimus  fere  continuus;  apothecia 
sordide  rufa  (K.  purpurascentia)  sessilia  convexa  et  rugosa,  parva 
(latit.  circ.  '3  mm.) ;  sporaB  8  nse  incolores  ellipsoideae  vel  potius 
nonnihil  ovatse,  simplices,  'Oil  -  '015  x  -006  — *007  mm. ;  paraphyses 
vix  ullae  distinctae;  hypothecium  incolor.  Iodo  gel.  hym. 
ccerulescens. 

Ad  ligna  vestusta. 

The  thalamium  is  freely  pervaded  by  small  masses  of  the  so- 
called  chrysophanic  acid  which  K.  at  first  turns  purple,  then  dissolves 
oub.  The  paraphyses  are  scarcely  perceptible  as  such,  and  they  are 
not  rendered  more  distinct  by  K.  The  thecal  walls  are  thin,  and 
unlike  those  of  species  of  the  genus  Arthonia;  but  inasmuch  as  A, 
lurida  (Ach.),  to  which  this  plant  is  closely  allied,  has  not  thecae  with 
walls  perceptibly  thickened,  I  have  retained  the  Kew  Zealand 
plant  in  this  geniiB. 


302  Philosophical  Society  cf  Glasgow. 

Verrucaria  inflata,  sp.  no  v. 

Thallus  pallidns,  vix  uUus  visibilis ;  apothecia  majoscula  (latit. 
usque  1  mm.)  prominula  nigra,  epithecio  depresso  porifonni, 
perithecio  tenuiusculo  integro,  basi  piano;  sporse  Snee  incolores 
demum  fuscse  ellipsoidese  4  — loculares,  loculis  parvis  ellipsoideis 
confertis,  -018  —  022  x  '01  —  -014  mm.,  in  tliecis  cylandraceis  inclusae  ; 
paraphyses  longae  filiformes  confertee,  guttulis  oleosis  et  grauulis 
inspersse.     lodo  gel.  hym.  haud  tincta. 

Ad  cortices  prope  Wellington. 

Verrucaria  retrospiciens,  sp.  nov, 

Subsimilis  F.  nuistoideee  (Ach.)  sed  apotheciis  majoribus  pro- 
minulis  denudatis,  epithecio  pallido  minuto  vel  inconspicuo  ;  sporsD 
8naB  magnse,  '07  —  '09  x  '014  -  '018  mm.  et  in  halone  lata  inyolutse. 
lodo  peritbecium  intense  vinose  fulvescens. 

Corticola  Wellington. 

The  species  of  this  section  of  the  Verrucariae  appear  to  be  pre- 
valent near  Wellington,  and  assume  a  more  luxurious  habit  than 
elsewhere.  The  present  is  intermediate  between  V.  nucula  and 
tnastoidea.  The  pale  epithecium  allies  it  to  the  former,  while  the 
larger  spores  and  broad  halo  would  lead  one  to  refer  it  to  the  latter. 
The  walls  of  the  perithecium  assume  a  deep  vinoso-fulvescent 
tint  undar  the  action  of  iodine,  while  the  spores  betray  merely 
a  yellow  tint.  Numerous  donidia,  with  yellow  granular  contents, 
are  seen  in  the  substance  of  the  perithecium,  and,  indeed,  generally 
throughout  the  thallus,  which  is  otherwise  well  developed.  Three, 
viz.,  V,  mastaideOy  F.  nuctda^  and  V.  desqnamescens,  found  in  New 
Zealand,  do  not  preserve  any  fixed  or  definite  characters,  but 
assume  those  of  one  another  almost  indiscriminately.  The  present 
is  separated  meanwhile,  until  a  wider  range  of  examples  shall  have 
definitely  settled  the  question  of  specific  distinction. 

Verrucaria  epiphylla  (Fee.). 

Supra  frondes  Nephrodii  hispidi  (Hook.)  prope  Wellington. 

Verrucaria  leptalea,  sp.  nov. 

Thallus  e  lamina  unica  tenui  gonidiorum  oblongorum  virescen- 
tium  (longit.  circ.  *008  mm.)  compositus;  apothecia  parva  nigra 
sessilia,  perithecio  integro ;  sporse  (6-8)n8e  incolores  fusiformes 
3-Beptat8e,  •02— '032  x  -004- 005  mm. ;  parapbyses  parcse.  lodo 
gel.  hym.  non  tincta. 

Supra  firondes  Nephrodii  hispidi  prope  Wellington* 
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Vernicaria  chrysophora,  sp,  nov. 

Thallus  pallide  flavescens,  e  strato  unico  vel  duplici  fere  omnino 
chrjsogonidico  (gonidiis  majusculis)  compositus  ;  apothecia  dimidi- 
atim  nigra  depressa  parva,  epithecio  porifbrmi;  sporse  Snae 
incolores  fusifbrmes  3  — septatse,  septulis  ssepe  indistinctis,  *016 - 
•022  X  -0035  -  -004  mm. ;  paraphjses  pares  graciles.  lodo  gel,  hym. 
non  tincta  nisi  flavescens. 

Supra  frondes  HymenophyUi  dilatati  (Sw.)  prope  Wellington. 

Vernicaria  cinereo-nigrescens,  sp.  nov. 

Tballus  cinereus  vel  cinereo-niger  tenuis  nonnihil  rimuloso-areo- 
latus ;  apothecia  nigra  nitida  prominula  mediocria,  epithecio  pori- 
formi,  perithecio  globose  integro,  infra  tenuiori ;  spOrse  8n» 
incolores  fusiformi-ellipsoidese,  3-8eptata,  '016  — -023  x  -005  -007 
mm. ;  paraphyses  graciles  sat  confertse.  lodo  gel.  hym.  non  tincta 
nisi  flavescens.     Oorticola. 

Vernicaria  retifera,  sp.  nov. 

Thallus  macula  pallida  vel  pallide  fiavescente  indicatus ;  apothecia 
prominula  hemisphserica  parva  (latit.  circ.  '15  mm,)  nigra^  perithecio 
dimidiato;  sporse  (4  — 8)n8e  incolores  fusiformes  vel  fusiformi- 
oblongse  1  —  septatae,  '016  -  '025  x  -006  -  '0065  mm. ;  paraphyses 
distinctse  filiformes  divaricato-et  dendritico-ramosse  (et  anastomoa- 
antes).     lodo  gel.  hym.  haud  tincta  nisi  flavescens.     Corticola. 

Vernicaria  crassescens,  sp.  nov. 

Thallus  pallide  glaucescens  nitidus  Isevis  crassinsculus  (crassit. 
'1  mm.) ;  apothecia  majuscula  omnino  immersa  nigra  sphserica, 
perithecio  integro,  epithecio  extus  pallido  depresso  poriformi; 
sporse  8nse  fuscse  ellipsoidese  (episporio  nonnihil  undulato)  vel 
oblongo-ellipsoidese,  4-loculares  (loculis  obtuse  quadrangularibus), 
•02  -  '028  X  -Oil  -  '014  mm. ;  paraphyses  longse  flliformes.  lodo 
gel.  hym.  non  tincta.     Corticola. 

In  this  lichen  the  thallus  is  unusually  well  developed,  and  the 
gonidiac  layer  may  easily  be  seen,  by  means  of  a  Codington  lens,  to 
occupy  about  one-half  the  thickness  of  the  thallus. 

Vermcaria  fossularia,  sp.  nov. 

Parasitica  supra  thallum  Stictce  /osstdatce ;  apothecia  nigra  parva 
(latit.  circa  '12  mm.)  hemisphserica  prominula,  perithecio  dimidiato, 
epithecio  poriformi ;  sporse  8  nse  incolores  ellipsoidese  vel  nonnihil 
oblongsB   1  -  septate,    '09  -  -Oil  x  "OOS^  -  KWi  mm. ;    parai^h^«!^ 
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■pATced    Talde  indiBtlnctse  et  irregulares.     lodo  gel.   liym.   vinose 
rubesoeiiB. 

Verrucaria  crwnU,  sp*  noF. 

Parieksitica  supra  apotbecia  Lecidete  fusco  -  nigrescentis  (NjL) ; 
apotheda  nigra  perminuta  fere  sphserica ;  sporae  Snse  in  thecis 
ovoideis  inclusae,  ojlindricae  4-nucleares,  '01  -  'OlS  x  *0025  mm.  ; 
paraphyses  null«  visibilea. 

Potia&sit  fungillus. 

Yermcaria  lampooarpa^  sp.  nov. 

Thallus  oinereuB  vel  nigro-cinereus  tenuis ;  apotheeia  nigra  parva 
(latit.  ciroa  '2  mm.)  liemisphierica,  perithecio  dimidiato,  epithecio 
poriformi ;  spora^  (4-8)  n^  incolores  aciculares  plerumque  curvul^, 
multi  (10-20)  -  septatflB,  septulis  non  bene  distinctis,  085  -  *12  x 
*004  mm. ;  parapbjses.  satis  confertaa  graciles.  Gel.  bjm.  iodo  non 
tincta  nisi  flavescens. 

Ad  cortices  prope  Wellington. 

This  cannot,  according  to  definition,  be  reckoned  a  Melanotheca, 
as,  in  every  instance  examined^  the  apotheeia  are  scattered  and 
solitary. 

Trypethelium  puloberrimum  (P^e). 
Cortioola  prope  Wellington. 

Psoromidium  Wellingtonii,  gen.  nov. 

Thallus  cervinus  vel  pallid  e  cervinus  squamulosus,  squamulis 
lobato-divisis  imbricatis  vel  interdum  dispersis  ;  hypothallus  crassns 
(crassit.  interdum  usque  S.  mm.),  e  fibrillis  coeruleo-nigris  (latit. 
circ.  *004  mm.)  densissime  intertoKtis  compositus-;  apotheeia  nigra 
lecideina,  sessilia  ooncaviuscula  vel  plana  marginaia,  plerumque 
parva  (latit.  '3  -  '7  mm.)  interdum  magna  (latit.  usque  2  mm.),  et 
tunc  lobatulo-incisa  et  difibrmia^  sspissime  botryoso-agglomerata 
et  plura  confluentia,  glomerulis  ssepe  latit.  6  mm. ;  spors  8ne 
incolores  fusiformi  -  ellipsoidee  simplices,  *011  — '015  x -005 - 
'0065  mm.  :  paraphyses  distinctse  orassiusculoe  (latit.  -0025  -  -003 
mm.),  apicibus  nigris  arete  conglutinatis ;  hypothecium  incolor 
vel  interdum  leviter  fuscescens  vel  rufescens.  Iodo  geL  hym. 
leviter  coerulescens  dein  vinose  rubens  vel  vinose  fulvescena 
Corticola 

This  lichen,  so  far  as  I  can  ascertain,  can  only  be  distantly  referred 
to  the  genus  Gymnodemui ;  indeed,  unless  it  is  constituted  as  the 
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type  of  a  new  genus,  there  is  no  alternative  but  to  refer  it  to  this 
genus  or  to  Lecidea,  In  the  former  case  the  name  Gymnoderma 
would  be  a  misnomer,  inasmuch  as  there  is  abundance  of  radicles 
attached  to  the  under  surface  of  the  Sqtuimoe;  there  are,  besides, 
many  other  manifest  differences.  From  the  genus  Pyxine  it  differs 
as  much  as  (if  not  more  so  than)  Physicu  from  Parmelia. 

Lecanora  cyamidia,  sp.  nov. 

Thallus  albidus  vel  cinerascenti-albidus  minute  rugulosus  vel 
papillosus  tenuis ;  apothecia  sessilia  vel  elevato-sessilia,  mediocria 
(latit.  *6-l'2  mm.  vel  amplius),  margine  thallino  Isevigato  albido 
cincta,  epithecio  cinereo-pniinoso  vel  cinereo  pulverulento  concavius- 
culo  vel  explanato ;  sporse  Suae  in  thecis  saccatis,  incolores  simplices, 
oblongse  vel  oblongo-ellipsoidese,  ssepissime  fabaoeo-curvatse,  '022  - 
'03  X  '008  -  '0095  mm. ;  paraphyses  distinctse  crassiusculse  (latit. 
circ.  '0025  mm.),  apicibus  fusco-rufis  conglutinatis  granuloso-insper- 
sis ;  hypothecium  incolor.  lodo  gel.  hym*  coerulescens  (saltem  leviter) 
prsesertim  thecarum.     Corticola. 

Sagenidium  molle,  gen.  nov. 

Thallus  molliusculus  albidus  vel  pallidus  crectus  compressus  (alt. 
pollicaris)  fruticulosus,  dichotome  divisus  apicibus  obtusis,  e  fibrillis 
incoloribus  creberriter  sed  indistincte  articulatis  extus  hirsutulis 
(latit.  circiter  '005  mm.)  intricate  contextis  omnino  compositus, 
gonidiis  majusculis  (latit.  interdum  '02  mm.)  sat  conferte  inspersus  ; 
apothecia  prsecipue  lateralia  interdum  apicalia,  substipitata,  plana 
vel  convexiuscula  et  immarginata,  crasse  albo-pruinosa,  mediocria 
(latit.  '5-1  mm.) ;  sporse  Snn  incolores  fusiformes  vel  obtuse  fusi- 
formes,  5  -  septatse  (an  semper  1),  s»pe  curvulse,  '022  —  "OS  x  '0045  — 
"006  mm.  ;  paraphyses  molliusculffi  irregulares  sed  distinct®,  non- 
nihil  ramosulse,  apicibus  fuscescentibus  contextis;  hypothecium 
fuscum  vel  (in  lamina  crassiuscula)  fusco-nigrum.  lodo  gel.  hym. 
non  tincta. 

Supra  cortices  1  prope  Wellington. 

The  thecse  are  pyriform,  with  thickish  pellucid  walls,  not  easily 
ruptured.  The  spores,  so  far  as  examined,  shew  six  quadrangular 
segments,  with  few  or  no  indications  of  septa. 

Lecidea  hypomelina,  sp.  nov. 

Thallus  cinerascens  vel  glaucescenti-cinerascens,  minute  rimuloso- 
areolatus   tenuis  lugro-limitatus ;  apothecia  sessilia  aut  eleva.tA- 
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sessilia  nigra  plana  vel  convexiuscula  (latit.  '4-1  mm.),  plerumque 
caesio-pruinosa,  margine  pallido  Isevigato  tenui  demum  depresao 
cincta;  spone  2n8e  ineolores  ellipsoidese  simplices,  episporio  lato  et 
cantentis  granulosis,  '034  -  -042  x  -022  -  -028  mm.  ;  paraphyses 
Talde  indistinct«  apicibus  late  coerulescentibus ;  hypothecium 
incolor.     lodo  gel.  bym.  intense  coerulescens.     Corticola. 

This  lichen  has  an  affinity  to  L.  melina  (Krpr.),  and  L.  dupliceUa 
(Nyl.),  but  the  spores  are  much  smaller,  and  there  are  other  differ- 
ences.    There  is  no  red  substratum,  as  in  Z.  sanguiwvruL. 

Arthonia  cinerascens  (Krpr.) 
•  crustosa  (Stm.) 

Similis  A.  cinerascenti  sed  spovis  2nis  nigricantibus,  '03  —  -04  x 
'012  -  '02  mm.      Apothecia  intus    pellucida  primo  immersa  dein 
sessilia  parra  (latit.  "2  -  *3  mm.) ;  paraphyses  valde  indistijoctae  vel 
nullse  proprie  sie  dictse ;  epitheeium  densum  nigrum  orassuHi.    lodo 
gel.  hym.  bene  vinose  rubens.     Corticola. 

The  epitheeium,  especially  in  the  older  and  sessile  apothecia,  forms 
a  dense  continuous  covering  to  the  hymenium,  and  it  is  apt  to  crack 
and  rupture,  much  in  the  same  manner. as  the  perithecium  of  Verru- 
caria. 

Discussion  on  Dr.  Sxirton's  Paper. 

Dr.  Wallace  remarked  that  the  various  kinds  of  fermentation 
recognised  by  chemists  were  all  accompanied  by  the  development  of 
fungoid  growths,  or  other  microscopic  vegetable  organisms.  The 
alcoholic  fermentation  was  brought  about  by  the  torula,  or  yeast 
plant,  and  the  acetic  by  the  mycoderma,  or  vinegar  plant.  There 
were  other  fermentations,  such  as  the  lactic,  or  conversion  of  milk 
sugar  into  lactic  acid,  and  the  viscous,  or  conversion  of  cane  sugar 
into  a  kind  of  gum.  The  lactic  fermentation  also  attacked  weak 
solutions  of  cane  sugar  in  sugar  refineries  under  certain  conditions, 
and  he  had  invariably  found  the  wooden  beams  near  the  tanks  con- 
taining the  liquor  undergoing  this  kind  of  fermentation  coated  with 
fungoid  growth.  The  xnire  for  this  was  to  keep  the  liquors  either 
very  hot  or  perfectly  cold,  or  the  use  of  sulphurous  acid.  As  regards 
the  viscous  fermentation,  he  had  been  called  upon  many  years  ago 
to  investigate  into  the  cause  of  "  smear ''  in  sugar  refineries,  this 
being  a  condition  into  which  concentrated  solutions  of  sugar  got  by 
being  kept  for  a  long  time  at  a  temperature  of  90®  to  110**  Fahr., 
jind  which  rendered  them  sticky  and  capable  of  being  drawn  into 
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fine  threads.  Such  liquors  refused  to  drain  away  from  crystals  of 
sugar  with  which  they  were  mixed,  and  several  refineries  came  to  a 
stand,  and  were  finally  abandoned,  from  this  cause.  He  kept  a  solu- 
tion of  pure  sugar  in  a  refinery,,  at  a  temperature  averaging  100°, 
for  about  a  month,  by  which  time  the  smeary  state  was  fully  de- 
veloped, and  he  found  on  examination  with  the  microscope  a  great 
quantity  of  confervoid  plants,  some  of  them  of  great  beauty,  and 
some  endowed  with  ciliary  motion.  He  was  of  opinion  that  these 
confervae  were  the  cause  of  the  smeary  condition,  which  he  identified 
with  the  viscous  fermentation  which  frequently  attacks  molasses  in 
the  West  Indies  when  being  converted  into  runK  When  this  occurs 
the  alcoholic  fermentation  suddenly  ceases,  and  great  loss  is  the 
result.  It  is  cured,  or  rather  prevented,  by  the  additionof  a  minute 
quantity  of  sulphuric  acid,  which,  however,  has  no  retarding  in- 
fluence on  the  alcoholic  fermentation.  This^ condition  has  long  been 
known  in  the  Continental  distilleries  where  beetroot  molasses  is 
converted  int«  spirit,  but  recently  it  has  appeared  in  many  of  our 
distilleries,  causing  very  considerable  losses;  and  it  is  a  subject  that 
thus  possesses  considerable  interest  at  the  present  time.  As  regards 
sugar  refineries,  the  operations  are  new  carried  on  so  rapidly  that 
"  smear  "  is  entirely  iinknown. 

Dr.  Gaibdner  said^  he  was  very  unwilling  that  I)n  Sbirton 
should  rise  to  make  his  reply  without  any  one  representing  the 
medical  profession  stating  how  great  the  interest  they  all  attached 
to  the  subject  of  this  paper  from  a  medical  point  of  view.  He 
trusted  this  was  not  the  end  of  Dr.  Stirton's  investigations  into 
this  important  subject,  but  only  the  beginning  of  his  study  of  it. 
He  felt  very  strongly,  on  the  one  hand,  the  inherent  interest  of  the 
subject,  and,  on  the  other  hand,  the  difficulty  of  attaining  clear 
conceptions  in  regard  to  it.  He  confessed  that  he  was  rather  dis- 
appointed with  Uie  want  of  definite  results  in  the  paper^  and  the 
result  of  Dr.  Stirton's.  studies  therein  given,  feeling  that  he  had 
only  touched  the  fringe  with  a  vague  and  uncertain  hand ;  and 
trusted  that  he  would  approach  it  more  nearly,  and  in  a  future 
paper  give  the  Society  more  precise^  views  on  the  points  which  had 
been  controverted.  As  he  regarded  Dr.  Stirton  as  one  of  the  most 
accomplished  cryptogamic  students,  he-  was  a  little  disappointed 
that  he  had  not  gone  more  into  the  subject.  Perhaps  his  mind  was 
not  yet  made  up  on  it,  and,  like  a  wise  man^  he  would  not  at  present 
^ve  a  dogmatic  opinion ;  but  whatever  might  be  his  reason,  he  felt 
that  they  ought  to  have  received  some  precise  viewa  from  Dr. 
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Stirton  when  he  gare  them  a  paper  on  this  subject.     For  example, 
in  Germany  they  had  gone  greatly  into  this  subject  of  fungi — 
having  made  a  great  many  experiments,  and  had  even  laid  down 
certain  doctrines  regarding  them.     Now,  he  thought,  Dr.  Stirton 
might  have  given  them  an  analysis  of  these  experiments,  and  con- 
clusions drawn  therefrom ;  but  they  had  got  nothing  of  that.     Ha 
did  not  complain  of  that,  however,  as  he  hoped  to  get  Dr.  Stirton*8 
opinion   yet,  either  from  matured  knowledge  or  general    views. 
It  would  be  folly  in  him  (Dr.   Gairdner)  to  attempt  to  give  an 
opinion  on  the  subject,  as  he  had  no  pretensions  to  be  a  naturalist 
or  a  "  philosopher,^'  but  from  such  an  accomplished  naturalist  as 
Dr.  Stirton  he  would  expect  more.     But  to  shew  what  he  would 
think  Dr.  Stirton  should  attempt  to  give  them,  he  would  say  that, 
looking  broadly  over  the  field  of  medical  investigation,  they  found 
that  there  were  certain  diseases  which  were  unquestionably  attended 
by  fungus  growth.    Now  a  reasonable  question  was,  whether  was  this 
growth  the -cause  or  the  efiect  of  the  disease,  whether,  in  other  words, 
a  vegetable  mould  found  growing  in  some  portion  of  the  human 
system  was  dependent  on  the  peculiarities  of  the  soil  in  which  it 
grew,  or  whether,  on  the  other  hand,  the  mere  presence  of  the 
mould  was  the  cause,  and  the  sole  cause,  of  the  formation.     For 
example,  there  was  the  very  curious  skin  disease,  Favus,  a  disease 
that  is  known  to  exist  both  in  man  and  in  the  lower  animals.     Then 
the  ringworm,  with  its  circular  patches  over  the  skin — a  very  slight 
disease,  but  one  that  has  an  interest  in  this  connection,  because  it 
has  been  shewn  to  be  a  fungus  growth.     Then  we  have  various 
diseases  of  the  mucous  membranes  which  are  attended  by  fungus 
growth ;  and  it  would  be  interesting  to  know  in  what  relation  these 
fungi  stand  to  each  other, — whether  each  one  of  these  diseases  is 
attended  by  a  fungus  specific  to  itself     Therefore,  the  subject  was 
worthy  of  further  demonstration.    Then,  with  regard  to  such  diseases 
as  cholera,  where  fungus  growth  has  been  affirmed,  but  not  proved,  to 
have  a  primary  share  in  the  production  of  the  disease,  it  would 
have  been  very  desirable  to  know  Dr.  Stirton's  opinion  of  the  so- 
called  cholera  fungus.    To  go  further  back  into  the  realm  of  mystery, 
where  nobody  professed  to  have  seen  the  fungus,  but  where  its  exist- 
ence was  seen  by  the  mind*s  eye,  by  a  process  of  induction  more  in 
harmony  with  the  propagation  of  the  disease.     Diphtheria  was  one 
of  those  diseases  that  Dr.  Stirton  had  referred  to,  without  giving 
any  definite  information  about  it ;  yet  he  believed  that  a  specifio 
fungus  growth  had  been  described,  or  at  least  believed  in,   as 
characteristic  of  diphtherial  while  Dr.  Stirton  had  seemed  to  trace  a 
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connection  between  the  fungus  on  a  paling  and  the  diphtheric  sore 

throat.     Then  the  contagious  fevers.     What  was  known  of  these 

was,  that,  under  certain  circiimstances,  they  were  quite  evidently 

introduced  into  the  system  by  some  infecting  substance  proper  to 

each  fever,  and  coming  direct  from  the  body  of  a  sick  person  ; 

although  sometimes  they  knew,  and  Sometimes  they  did  not  know, 

the  mode  and  channel  of  their  introduction.     But  the  introduction, 

or  supposed  introduction  of  a  contagious  matter,  either  through  the 

skin  or  by  some  of  the  mucous  membranes,  was  followed  at  a 

definite  interval  by  the  production  of  similar  symptoms  to  those 

experienced  by  the  person  who  supplied  that  small  portion  of  matter. 

For  instance,  it  occurred  some  years  ago  that  a  party  of  friends 

met  at  a  certain  house  in  the  countiy.     Two  came  from  Ayrshire, 

two  from  Fife,  and  several  others  from  various  quarters  of  the 

country.     They  met  for  a  single  day,  separated,  and  departed  to 

their  homes.     All  of  that  party,  at  an  interval  precisely,  if  he 

recollected  ri^ht,  of  ten  days,  went  through  measles,  the  probable 

source  of  the  disease  being  one  little  boy  who  had  had  measles  at  a 

school,  and  being  supposed  to  be  weY  again,  was  permitted  to  come 

there  that  day.     None  of  those  four  or  five  people  who  took  measles 

had  been  in  contact  with  it  elsewhere,  and  the  disease  being  of  such 

a  specific  character,  they  could  not  be  mistaken  in  saying  that  all 

had  imbibed  it  from  the  boy.     Even  one  such  instance  as  this  is 

enough  to  dispose  of  the  theory,  formerly  current  in  some  quarters, 

and  adopted,  among  others,  by  Miss  Nightingale,  that  all  these 

diseases  arose  indiscriminately  from  dirt.     No  doubt  filth  might 

produce  much  disease,  but  no  medical  man  who  had  any  philosophy 

or  inductive  power,  and  who  knew  the  facts,  but  would  say  that 

there  were  other  causes  for  specific  diseases.     But  still  it  might  be 

said  that  there  was  no  proof-^it  was  iBere  medical  indmction  and 

hypothesis ;  and  therefore  Dr.  Stirton  would  confer  upon  the  Society 

a  great  favour  by  making  a  more  extended  series  of  observations  on 

this  subject,  and  subjecting  some  aspects  of  it  to  a  thoroughly 

critical  investigation,  founded  on  his  admittedly  great  knowledge  of 

cryptogamic  vegetations. 
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XXX.— On  a  Portal  Colorimeter.  By  Edhuitd  J.  MtLLS,  D.Sc, 
F.  R.  S.,  "YouDg"  Professor  of  TechnicaL  Cheoustiy  in 
Anderson's  College,  Glasgow. 


(Bead  before  theChMnicKl  Section,  March  IS,  1877] 


The  Portable  Colorimeter  conaiBta,  as  is  shewn  fey  tbe  following 
illustrations,  of  two  parallel  upright  tubes,  which  are  coostmcted  m 
nearly  as  possible  alike  in  every  respect.     The  tubes   are   about 


1-5  cm.  wide  for  throe-fourthB  of  their  length,  the  remaining  fourth 
being  about  '5  cm.  in  diMoeter^  and  thus  enabling  them  to  fit 
vertically  in  the- circular  apertures  ef  their  adjustable  platform,  P. 
The  summit  of  each  tube  is  caught  in  a  coned  eyehole,  e,  cut 
in  the  hinged  screen  S,  thereby  securing  freedom  irom  vibration. 
Through  a  cork  stuffing  in  the  stalk  of  the  tubes  there  pass  two 
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movable  rods,  r  r,  on  which  are  two  flat  discs  •  of  white  glass 
attA^lied  to  the  rods  by  fusion.  The  discs  for  each  instrument  are 
polished,  and  then  turned  equal  in  the  lathe;  they  should  just  move 
freely  in  the  inside  portions  of  the  tubes,  and,  when  stationary, 
should  support  a  considerable  length  of  liquid  without  exchange 
of  air  from  below.  Each  tube  has  a  scale  of  120  equal  parts,  which 
is  read  through  its  slit  at  the  back  of  the  instrument.  A  handle 
between  the  slits  renders  the  colorimeter  very  portable.  There  is 
a  screw  adjustment  for  fixing  the  screen  in  front.  [The  principal 
reason  for  having  a  screen  is  in  order  to  av(Hd  the  confusing  effect 
of  the  dark  meniscus  generally  seen  at  the  surface  of  unshaded 
liquids  in  narrow  vessels.] 

In  addition  to  white  discs,  the  various  service  of  the  instrument 
requires  others  of  different  shades,  as  well  as  a  pair  of  porous 
earthen  discs,  rubbed  with  graphite.  These  last,  or  a  pair  of  blue 
or  black  ones,  are  employed  in  the  analysis  of  milk  and  other  turbid 
fluids.  It  is  frequently  convenient  to  have  the  loose  discs  only 
1*0  cm.  wide.  Instead  of  loose  discs,  it  is  often  advantageous  and 
sufficient  to  use  the  fixed  discs  only,  and  cover  the  eyeholes  with 
one  or  more  thicknesses  of  such  coloured  glass  as  may  be  foiind 
suitable.  The  time  required  for  an  observation  averages  about  a 
minute. 

The  colorimeter  can  be  employed  both  for  turbid  and  transparent 
liquids,  and  according  to  the  methods  of  reflection  and  disap- 
pearance. 

a.  Transparent  Liquids. 

Magenta. — As  an  example  of  colorimetrical  method,  a  standard 
solution  was  prepared,  containing  a  few  centigrammes  of  rosaniline 
acetate  in  a  litre  of  water ;  some  of  this  was  diluted  with  water  in 
the  ratio  of  100  :  120.  The  left-hand  tube  was  used  as  the  standard ; 
the  right-hand  tube  held  the  diluted  liquid,  the  length  of  which, 
between  the  eye  and  the  disc,  was  adjusted  to  equality  of  tint  with 
the  standard.  Two  small  dark  blue  discs  were  used.  In  a  series 
(A)  of  eleven  experiments,  the  length  of  the  diluted  liquid  being 
about  57  divisions,  the  mean  result  was  119*9  (with  an  uncertainty 
of  0*9) ;  in  series  (B),  of  ten  experiments,  the  length  of  the  diluted 

♦  Mr.  Bottomley  {Proc  Lit  Phil.  Sot.,  Manchester,  xv. ,  64)  waa,  I  believe 
the  first  to  suggest  the  use  of  movable  white  discs,  which  he  proposed  to 
raise  by  striDgs  passing  over  pulleys  attached  to  the  ceiling  of  the  apartment. 
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fluid  being  about  84  divisions,  the  mean  was  120*6  (with  an  uncer- 
tainty of  1*1),  the  correct  value  being  120.  The  uncertaintj  of  the 
mean  of  twenty  observations,  of  the  above  degree  of  accuracy,  would 
have  been  about  0*2. 

Eemarkt, — In  comparing  transparent  liquids,  the  colorimeter 
enables  one  to  make  a  very  large  number  of  independent  compari- 
sons, by  altering  the  depth  of  the  standard  at  will,  without  loss  of 
liquid.  In  this  manner,  the  habitual  observer  of  one  particular 
colour  has  an  opportunity  of  finding  what  special  amount  of  tint  is 
most  suitable  to  his  own  eye.  Care,  however,  must  be  taken  not  to 
use  very  short  lengths  of  liquid,  as  the  original  colour  (notably  in 
the  case  of  magenta)  is  often  then  remarkably  changed.  Moreover, 
inasmuch  as  solvents  are  themselves  reagents,  the  degree  of  dilution 
of  the  weaker  must  not  be  too  distant  from  that  of  the  stronger 
liquid. 

The  colour  which  the  Nessler  test  produces  with  ammoniacal 
solutions  is  well  observed  in  the  colorimeter  through  a  sheet  of 
glass  having  a  pale,  smoky-orange  tint.  A  standard  colour,  pro- 
duced with  '000005  grm.  ammonia  in  50  c.c,  was  found  by  this 
plan  to  require  y^rj  nearly  double  its  length  of  the  same  solution 
diluted  with  an  equal  bulk  of  water. 

Among  the  technically  important  transparent  fluids  to  which  the 
colorimeter  would  apply  are  ales ;  porters  and  stouts,  and  other 
solutions  of  caramel ;  wines  ;  solutions  of  dyers'  extracts  and  pastes 
(as  of  magenta  in  alcohol,  alizarine  in  potash,  and  the  like) ;  vari- 
ously coloured  inks ;  samples  of  dissolved  indigo,  Prussian  blue ; 
metallic  effluents  from  works  and  mines ;  and  acid  well-waters  (here 
the  colorimeter  enables  us  to  follow  the  change  of  the  indicator). 

The  pure  chemist  will  find  in  colorimetry  a  criterion  of  the 
decomposition  of  a  given  liquid  by  a  diluent,  and  a  means  of  tracing 
the  entire  course  of  many  re-actions  of  both  coloured  and  colourless 
substances.  The  dyer  may  construct  a  normal  curve  for  the 
exhaustion  of  a  vat,  and  thus,  at  any  time,  detect  irregularity  of 
action  in  a  particular  instance. 

/3.  TuBBio  Liquids. 

If  a  turbid  liquid  be  placed  in  one  of  the  tubes  of  the  colorimeter, 
the  disc,  when  gradually  lowered,  eventually  disappears.  For 
uniform  conditions  of  light  and  observing  power,  the  point  of  disap- 
pearance is  practically  constant.  An  evenly  dull  day  is  the  best 
opportunity  for  the  use  of  the  method  of  disappearance. 
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Milk, — This  constitutes  an  admirable  illustration  of  a  turbid 
fluid.  As  ordinarily  consumed,  it  is  too  opaque  for  colorimetric 
purposes;  but  when  diluted  with  water  to  at  least  100  times  its 
original  volume,  a  convenient  length  can  be  read  on  the  scale. 

A  sample  of  milk  was  mixed  with  16*1  per  cent,  of  water,  and 
5  c.c.  both  of  the  original  and  dilute  liquid  were  diluted  each  to 
600  ac.  The  two  solutions  were  then  placed  in  their  respective 
tubes  ii^  the  colorimeter,  and  the  point  of  disappearance  observed  of 
two  loose  discs,  rubbed  with  graphite,  and  1  cm.  wide.  The  pairs 
of  observations  were  rapidly  made,  a  single  eye  being  used  for  the 
purpose.  The  average  depth  of  the  weaker  liquid  was  about 
48  mm.  As  a  mean  of  five  comparisons,  the  quotient  obtained  was 
117*2,  with  an  uncertainty  of  1*29. 

If  the  particles  in  a  turbid  liquid  be,  as  they  are  in  milk,  trans- 
parent or  semi-transparent,  the  intrinsic  transparency  seems  to  be 
increased  by  dilution  beyond  the  amount  given  by  direct  proportion. 
I  have  made  numerous  experiments  with  milk,  in  order  to  obtain 
the  appropriate  correction ;  but  on  account  of  the  smallness  of  this, 
many  more  determinations  must  be  performed  before  a  perfectly 
satisfactory  table  can  be  drawn  up.  The  following  results,  how- 
ever (all  that  have  hitherto  been  obtained),  will  be  more  than  suffi- 
cient for  the  requirements  of  the  milk  analyst. 

(A.)  In  thirty  experiments  with  a  milk  diluted  100  times,  the 
mean  depth  of  the  disc  became  constant  in  the  first  decimal  place, 
with  an  uncertainty  of  0*16.  1*^  per^cent.  of  water  was  now  mixed 
with  this  same  liquid  as  it  stood  on  the  disc;  the  mean  depth 
became  constant  as  before,  after  forty  experiments,  with  an  uncer- 
tainty of  0*20.  The  latter  depth  exceeded  the  former  by  0*20,  with 
an  uncertainty  of  0*20. 

(B.)  By  twenty  similar  experiments  with  an  original  liquid 
against  thirty  with  a  weaker  liquid  (mixed  with  20  per.  cent,  of 
water),  the  excess  was  found  to  be  0*55,  with  an  uncertainty 
of  0*29. 

(C.)  By  forty  similar  experiments  with  an  original  liquid  against 
forty ^  with  a  weaker  liquid  (mixed  with  25  per  cent  of  water)^' 
the  excess  was  found  to  be  1*55  divisions,  with  an  uncertainty 
of  0-16. 

Interpolating  among  these  results,  and  weighting  them  in  accord- 
ance with  their  uncertainties,  we  obtain  the  following  table,  which 
gives  the  number  of  divisions  (or  transparency  correction)  to  be 
subtracted  from  the  mean  crude  scale  reading  of  the  weaker  milk 
(after  ike  hundredfold  dilution) : — 


3U 
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CorrectioD.' 

5           .            .           . 

■00 

10           .            .            . 

•02 

15 

•10 

20 

•32 

25           .            . 

•77 

30 

1-60 

Thns  the  mean  scale  reading  48  ^44,  in  the  experiment  preriooslj 
alluded  to,  gave  a  result  indicating  17*2  of  water  added  to  100  of 
milk.  The  table  shows  that  0*17  must  be  subtracted.  The  mean 
reading  of  the  standard  was  41*36.  The  ratio  required  is  therefore 
^AA^  -  Q»^  ^  JLL^iT.  the  actual   ratio  hayinir  been  ^^*'V     In  com- 

41-36  100    '  ^  100 

paring,  then,  samples  of  milk  together,  a  standard  milk  of  good 
qualitj  is  diluted  to  100  volumeS)  as  are  also  the  suspected  samples. 
The  fact  of  adulteration  is  instantly  shewn  by  the  colorimeter  ;  the 
amount  can  be  learned  in  ten  pairs  of  observations,  the  mean  of 
which  will  have  an  uncertainty  not  necessarily  exceeding  0*3^  The 
accuracy  and  expedition  of  this  method  render  it  far  superior  to 
that  of  "total  solids."  The  loose  discs  employed  either  have  a 
graphite  surface  or  may  consist  of  dark  green,  dark  blue,  or  black 
glass  ;  if  they  are  made  of  the  full  size  of  the  tube,  the  disappearing 
point  falls  about  one-fifth* 

The  use  of  the  colorimeter  for  other  turbid  fluids  is  sufficiently 
obvious.  Thus,  dissolved  sulphate  (in  a  water,  for  instance)  might 
be  readily  estimated  by  causing  a  turbidity  therein  with  baric 
chloride,  ta  be  compared  with  a  standard  turbidity  produced  by  a 
sulphuric  solution  of  known  strength.  A  beer  containing  a  known 
amount  of  dextrin,  mixed  with  five  volumes  of  strong  alcohol,  gives 
an  excellent  standard  turbidity,  wherewith  to  compare  other  samples 
of  beer  similarly  treated,  and  thereby  to  determine  their  dextrin. 


7.  Solids. 

My  experiments  have  not  yet  extended  to  solids,  but  the  appli- 
cation of  both  methods- of  measurement  is  sufficiently  plain.  A  solid 
that  can  be  ground  to  a  uniform  paste  with  gum-water  can  be  com- 
2)ared  with  an  adulterated  solid,  similarly  prepared,  by  the  method 

*  The  table  shews  an  easy  method  of  elimiiiating  the  influence  of  the  trans- 
parency correction.  Usmg  the  first  resalt  (say  a  ratio  of  100  :  125)  as  an  i^proxi- 
mation,  dilute  the  standard  milk  in  the  ratio  of  (100 :  120),  and  ascertain  the 
ratio  of  the  suspected  milk  to  t^.  The  two  last  ratios  will  differ  by  less  than 
five  per  cent.,  and  therefore  require  no  correction. 
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of  disappearance.  Or  a  thick  paste  of  the  solids  might  be  placed  on 
the  white  discs,  and  lowered  beneath  a  plate  of  suitably  coloured 
glass.  Samples  of  animal  charcoal  might  readily  be  compared  by 
immersing  equal  weights  of  them  in  equal  volumes  of  a  solution 
of  indigo, — ^the  interpretation  as  to  percentage  being,  of  course, 
inverse  in  this  case.  And  similarly,  the  amount  of  solid  colour 
deposited  on  a  dyer's  "goods"  can  be  ascertained  by  following 
colorimetrically  the  exhaustion  of  the  vat.* 

[Addendum,  received  March  20. — If  p  represent  the  dilution 
apparent  percentage  (e,g.,  20,  in  the  ratio  100  :  120)  of  a  milk,  and  e 
the  excess^  due  to  transparency,  of  crude  mean  scale  reading,  then — 

€=  '000001975  p*  for  unskimmed  milk, 


lar  values  of  the  latter 

expression  are — 

Apparent  percentage. 

Scale  correction 

5 

1                    • 

000 

10 

0-04 

15 

4 

0-20 

120 

062 

25 

4 

1-62 

30 

316  • 

It  is,  doubtless,  more  satisfactory  to  avoid  this  correction  in  the 
manner  already  stated. 

If  milk  be  allowed  to  stand  for  an  appropriate  time,  its  cream 
lises  to  the  surface  ;  in  the  cremometer  the  height  of  the  cream  is 
read  (subject  to  meniscus  correction)  on  a  scale  of  100  equal  parts. 
In  a  good  milk,  which  I  allowed  to  stand  for  twenty-four  hours,  I 
found  that  the  removal  of  the  cream  corresponded  to  an  apparent 
(corrected)  dilution  in  the  ratio  of  100  :  120,  and  that  one  percentage 
division  lost  in  the  cremometer  corresponded  with  an  apparent 
(corrected)  dilution  of  2*94  added  to  the  hundred.  The  colorimeter 
can  therefore  be  applied  both  to  skimmed  and  unskimmed  milk. — 
E.  J.  M.] 


*  Messrs.  Cetti  &  Co.,  of  Brooke  Street,  Holbom,  have  coDstmcted  for  me 
several  of  these  colorimetero. 
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XXXI.— On  tJie  Retarding  Action  of  StdpiuUee. 
By  Edmund  J.  Mills,  D.Sc.,  F.R.S. 


[Read  before  the  Chemical  Section,  March  12, 1877.] 


If  a  less  and  less  dilute  hydric  sulphate  be  added  to  zinc  or  certain 
other  metals,  a  certain  maximum  rate  of  evolution  of  hydrogen  is 
attained,  which  is  rapidly  reduced  to<  nothing  as  concentration 
further  increases. 

The  same  sulphate  is  known  to  retard  the  development  of  photo- 
graphic negatives ;  and  it  prevents  the  action  of  organic  germs  the 
more  readily  as  those  require  a  higher  temperature  for  their  appro- 
priate excitation.  Again,  in  a  well-known  experiment  of  Harcourt 
and  Esson,  the  exchange  of  2HC1  for^H^SOA  was  attended  with  a 
doubling  of  the  rate  of  action.  Dyers  have  found  that  the  presence 
of  a  small  amount  of  magnesic  or  sodic  sulphate  in  a  vat  slightly 
hinders  the  deposition  of  colour,  which  it  renders  more  regular  and 
uniform.  Instances  of  such  facts  might  be  considerably  multiplied. 
They  lead  to  the  infereace  that  sulphates  are  retarding  agents. 

A  simple  illustration  of  the  retarding  action  of  sulphates  is  found 
in  the  following  experiment : — In  each  of  three  similarly  shaped 
beakers  are  placed  25r  c.c.  of  a  solution  of  5  centigrammes  of 
magenta  in  a  litre  of  water.  To  the  first,  25  c.a  of  water  are 
added ;  to  the  second,  25  c.c.  of  a  ten  per  cent,  solution  of  crys- 
tallised magnesic  sulphate;  to  the  third,  O'l  grm.  of  hydric 
sulphate,  and  enough  water  to  bring  the  whole  to  50  c a  i. 
piece  of  silk  ribbon,  of  ordinary  thickness,  and  weighing  0*34  grm., 
is  placed  in  each.  AfW  three-quarters  of  an  hour  of  contact  at  the 
ordinary  temi>erature,  the  silk  is  withdrawn ;  when  the  silk  from  the 
third  beaker  will  be  found  but  little  dyed,  that  from  the  second 
dyed  much  more,  and  that  from  the  first  dyed  the  most. 

The  measurement  of  the  amount  of  retardation  by  the  magnesic 
sulphate  can  readily  be  made  by  comparing  the  residual  aqueous 
with  the  residual  magnesic  solution,  the  latter  of  course  retaining 
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more  colour  than  the  former.  By  a  colorimetric  determination, 
made  with  the  instrument  referred  to  in  the  preceding  paper,  it  was 
found  that  the  residual  colour  in  the  magnesic  solution  was  to  that 
in  the  aqueous  solution  as  3:2.  The  liquid  containing  hydric 
sulphate  is  not  comparable  in  tint  with  the  other  two,  and  therefore 
does  not  admit  of  colorimetric  comparison  with  them. 


318  PhUosophicui  Society  of  Glasgow. 


XXXII. — The  Senses — tlieir  Divisions  and  Work — viewed  Physically 
and  EvolutionaUy*  By  Henry  Muirhead,  M.D.,  Cam- 
buslang. 


[Read  before  the  Society,  February  7,  1877.] 


[After    some    introductory    remarks    the    paper    pix^ceeded   as 
follows : — ] 

Living  material  possesses  inertia,  tbat  is,  the  disposition  to  persist, 
quite  as  much  as  non-live  matter  does;  and  this  disposition,  in- 
clination, or  property  is,  I  do  not  much  doubt,  the  operating  agency 
in  heredity,  or  persistence  of  type,  whilst  the  never-ceasing  incur- 
sions of  the  surroundants  are  the  occasioning  causes  of  all  revolution, 
t.  e.  Evolution.  Every  biod  is  the  battleground  of  these  two  con- 
tending forces  : — ^the  Ancestral  or  Conservative  (instincts),  and  the 
Personal  (experiences)  or  Reforming  (tendencies),  as  I  named  them 
in  a  paper  read  before  the  Anthropological  Society  in  1870,  where 
I  pointed  out,  that  as  soon  as  reforming  parties  succeed  in  estab- 
lishing themselves  in  power  in  the  interior,  they  tend  to  become  as 
conservative  as  those  whose  ancestors  have  been  there  for  ages.  To 
assist  the  inner  powers  in  holding  the  reins  of  government  in  the 
besieged  city  of  such  a  complex  corporation  as  a  mammalian  organism 
exhibits,  telegraphic  communications  between  the  internal  factories 
have  been  established,  and  also  between  these  and  the  outposts,  to 
give  immediate  intelligence  of  danger,  of  supplies,  of  assistance,  &c. 
These  are  in  full  communication  with  reacting  centres,  from  the 
most  primitive  and  direct  reflex-reactors,  to  the  most  considerative 
of  the  cerebrum.  It  is  to  these  outpost  contrivances  for  intelligen- 
cing  purposes,  and  their  reports,  that  I  chiefly  intend  to  direct 
attention  at  present.  For  it  is  beyond  the  purport  of  this  paper  to 
narrate  the  various  steps  in  diflerentiation  of  the  nutritive,  motor, 
and  co-ordinating  organs.  Of  the  latter,  the  first  distinctly  visible 
are  small  ganglia,  with  nerves  to  the  muscles,  dec,  to  control  these 
organs,  but  not  to  impart  working  power  into  them  any  more  than 

*  In  this  imper  I  treat  incidentally  of  Evolution  and  Continuity  in  live  bodies, 
as  in  thoae  of  last  session  I  did  in  reference  to  inorganic  matter. 
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a  coach  man,  through  the  reins,  imparts  power  into  his  horses,  or  a 
corporal  by  his  direction  into  his  men.  Then  ve  have  ganglia  of  a 
more  generalised  character,  to  sway  some  of  the  minor  ones,  as 
sergeants  over  corporals,  lieutenants  over  sergeants,  captains  over 
lieutenants,  up  to  the  commander  or  syndicate,  who  may  be  repre- 
sented by  the  cerebrum,  controlling  all  more  or  less  minutely  as 
occasion  requires ;  attending  more  to  the  fighting  department  than 
to  the  commissariat,  except  in  taking  care  that  proper  supplies  are 
provided  and  delivered.  And  I  hold  that  the  energies  of  the 
cerebrum  are  expended  in  receiving  and  digesting  intelligence, 
holding  councils,  and  in  exciting,  directing,  and  controlling  the 
muscles — not  in  doing  their  work. 

From  the  intelligence  we  receive  through  the  outpost  department, 
we  all  practically  believe  in  the  existence  of  something  we  call 
matter — something  possessing  possibilities  of  exciting  sensation — 
inertia.  This  belief  is  a  consequence  of  its  acting  on  our  organism. 
That  is  to  say,  what  we  believe  of  it  are  consequences  of  our  brain- 
reactions  to  its  action — our  brain-reactions  which  I  have  endeavoured 
roughly  to  trace  to  the  inertia  of  matter.  We  are  conscious  of  this 
matter  affecting  us  in  at  least  six  different  classes  of  modes. 
We  are  conscious  of  alterations  of 

Pressure, 

Temperature, 

Taste, 

We  are  also  conscious  of  alterations  of 
Sound, 
Colour, 
Odour. 

The  exciting  causes  of  the  first  three  modes  of  acting  come  to  us 

through  what  I  am  led  to  consider  the  more  primal,  the  more 

fundamental  instrumentalities.     I  therefore  call  them  palaic.     And 

I  conceive  it  is  on  the  lines  of  these  older  ones  that  the  instni- 

mentalities  of  the  latter  three  are    developed — ^those  capable  of 

telegraphing  to  us  of  the  physical  excitors  of  sound,  of  colour,  and 

of  odour.     I  therefore,  for  distinction's  sake,  call  these  the  neoteric 

sense-organs.   These  we  do  not  find  existing  in  the  less  differentiated 

biods  at  present  existing,  so  in  all  likelihood  they  were  not  developed 

in  those  first  evolved  at  the  dawn  of  life  on  earth.     Again,  holding 

matter  to  exist  as  ether,  as  molecules,  and  as  masses,  then,  as  a  sort 

of  cross-classification,  it  appears  to  me  we  may  hold  that  we  are 

acted  on  by  matter  moving 
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'    Ethereally,  when  conscious  of  effects  of  Heat  or  of  LigHt, 
Molecularly,*  „  Taste  or  of  Odour, 

Molarly,  „  Pressure  or  of  Soundf 

I  have  long  been  in  the  habit  of  looking  on  ether  as  matter 
comparatively  little,  if  at  all  aggregated ;  on  simple  molecules  as 
aggregates  of  ether,  and  on  masses  as  aggregates  of  molecules.  For, 
pondering  over  matter  in  a  fluid  state,  since  we  know  it  to  shade 
off  on  the  one  side  into  the  densest  solid  bodies,  so  we  can  conceive 
it  shading  off  on  the  other  side  into  ether,  or,  it  may  be,  its  con- 
stituent mat.erial&  And  I  ask,  is  it  prima  f<icie  seemingly  more 
improbable  that  oxygen  gas  is  composed  of  ethereal  particles,  than 
that  the  enormously  thick  ice  which  extends  for  thousands  of  square 
miles  around  the  poles,  is  all  made  up  of  oxygen  and  another  gast 
It  would  not  have  seemed  so  a  hundred  years  ago  or  so.  Since 
then,  however,  we  have  succeeded  in  separating  and  meastiring  the 
chemical  elements  of  water,  but  not  those  of  oxygen  yet. 

It  is  somewhat  curious  that  the  authors  of  the  "Unseen  Universe" 
should  have  chosen  and  used  negatively  that  sense  through  >pvhose 
instrumentality  we  chiefly  have  intercourse  with  that  portion  of  our 
cosmos  they  denominate  "  unseen."  Had  they  chosen  intangible, 
inaudible,  untastable,  or  inodorous,  I  should  not  have  been  led  to 
advert  to  the  title. 

It  may  be  objected  to  the  foregoing  cross-classification,  that  in 
hearing  we  are  acted  on  cliiefly  by  air  and  other  gases,  which  may 
be  looked  on  as  unaggregated  moleculea  True,  but  it  is  not  in  con- 
sequence of  their  intermolecular — that  is,  their  chemical  action — on 
each  other  or  on  us,  that  they  excite  to  consciousness  of  sound.  On 
the  contrary,  it  is  in  consequence  of  these  gases  moving  in  molar 
waves  that  they  act  on  our  organs  of  hearing — waves  that  are  as 
really  mass-waves  as  liquid  waves  are,  or  the  teeth  of  a  rotating 
toothed  wheel  appreciable  through  the  finger.  For  we  know  that 
when  air  or  other  gas  is  blown  with  sufficient  intensity  against  the 
baralj  nerves,  the  latter  telegraph  inwards  intimations  thereanent. 
Another  proof  of  the  intimate  relationship  existing  between  the 
baral  and  audible  exciters.  In  worms  and  more  lowly  organised 
biods  tlio  more  neoteric  of  these  two,  that  is  the  audible  sense 
apparatus,  is  but  little  differentiated  out  of  the  palaic ;  whereas 

*  By  chemical,  /.  e.,  intermolecular  action. 

i  More  properly  its  physical  excitant ;  but  both  in  sound  and  taste,  the 
excitants,  telegrams,  and  brain-responses  have  not  clearly  distinguishing  terms. 

t  Those  nerves  that  telegraph  of  pressure,  ambiguously  named  tactile  or 
organs  of  touch. 
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in  bats  the  neoteric  -  sense  instrumentalities  seem  so  highly 
evolved,  that  hearing  is  very  likely  of  more  service  to  these  animals 
for  hunting  in  the  dark  than  sight  is.  In  cats,  again,  the  optic 
apparatus  is  so  developed  that  they  can  hunt  in  the  dark  where 
nothing  is  visible  to  us. 

It  will  have  been  observed  that  I  make  no  mention  of ''  muscular 
sense''  in  the  foregoing  enumera4;ion.  And  I  omit  the  instru- 
mentality so  called,  for  the  simple  reason  that  I  do  not  believe  in 
the  existence  of  any  such  sense.  My  notion  regarding  it  is,  that 
it  is  merely  some  muscular  actions,  together  with  some  mental 
operations,  mixed  up  and  confounded  with  separate  intensities  of 
pressure  or  baral-sense  work.  To  illustrate  my  position,  let  us 
suppose  a  longish  bar  of  silver  to  be  suspended  by  a  chain,  and  its 
upper  end  very  hot,  while  its  lower  end  is  very  cold..  When  I  raise 
my  gloved  fiuger-tip  se  as  to  eome  very  slightly  in  contact  with  the 
under  surface  of  the  bar,  I  get  from  my  finger  indications  induced 
by  mass  pressure,  and  very  soon  after  telegrams  of  alterations  of 
temperature  from  the  same  region.  The  latter  are  in  consequence 
of  the  cold  end  of  the  bar  not  dealing  on  terms  of  equality  with 
my  finger.  In  fact,  giving  back  fewer  thermal  units^  than  the  many 
it  receives  from  the  fingev.  But  in  a  shovt  time  I  become  conscious 
of  another  change  in  the  character  of  the  thermal  telegrams.  They 
are  now  indicative  of  a  much  higher  degree  of  temperature.  This 
is  a  consequence  of  the  warmth  travelling  down  the  bar  ;  so  that 
now,  instead  of  sending  less  heat  to  the  finger-end  than  is  received 
from  it,  there  is  a  reversal  of  the  rate  of  exchange,  and  the  nervuli, 
true  to  their  occupation,  telegraph  of  the  altered  conditionment  (ot 
the  finger-tip).  If  I  now  slowly  raise  my  finger  a  little,  there  are 
altered  intimations  sent  of  sensal  pressure.  The  same  intimations 
would  have  been  telegraphed  from  my  finger-point,  if,  instead  of  my 
moving  my  finger,  the  bar  had  been  lowered  a  little.  Now  please 
observe  very  particularly  that  aens&l  feeling  is  recuition  to  any  change 
in  kind  or  in  degree  of  intensity  of  any  stimulus  telegraphed  by  any 
sensal  nerve  ;  and  is  neither  the  remembrance  of  a  foiTner  feeling, 
nor  the  comparison  of  one  feeling  with  another.  Such  operations 
are  quite  difierent  from  pure  sensal  feeling — conscious  reaction  to 
simple  telegrams  from  the  world  outside  the  cerebrum  or  encephalon. 
Baral  telegram  No.  1  and  baral  telegram  No.  2  when  elected  into 
feeling  or  consciousness,  have  qua  feeling  nothing  whatever  to  do 
with  the  further  conscious  operation  of  finding  out  that  one  is  more 
or  less  heavy  than  the  other.  Just  as  feeling  of  a  high  temperature 
iias  qua  feeling  nothing  to  do  with  the  consciousness  that  a  lower  teui.- 
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perature  is  lower.  We  might  quite  as  reasonably  postulate  the  exist- 
ence of  a  distinct  meta-thermal  sense-organ  to  telegraph  of  greater 
intensities  of  temperature,  as  of  a  distinct  meta-baral  sense-organ  to 
telegraph  of  greater  intensities  of  pressure; — indeed,  supplementary 
sense-organs  for  greater  intensities  of  colour,  of  odour,  of  taste,  and 
of  sound.  But  the  crowning  absurdity  of  the  notion  lies  in  suppos- 
ing, or  at  least  implying,  that  there  is  in  each  muscle  an  organ  of 
consciousness,  which  compares  the  different  intensities  of  pressures, 
discriminates  between  them,  and  then  telegraphs  intimations  of 
these  discriminations  or  judgments, — a  set  of  mental  operations 
which  never  occurred  in  the  biodal  world  till  man  invented  symbols, 
or  rather,  employed  arbitrary  symbols  to  indicate  measurements. 
A  mode  of  operating  which  mathematicians  may  claim  as  still  dis- 
tinguishing the  human  from  the  infra-human  individuaL 

At  the  same  time,  however,  I  am  not  prepared  to  assert  that  we 
are  totally  unconscious  of  the  brain- work  employed  in  telegraphing 
to  the  mot^r  instrumentalities  of  the  organism,  when  and  how  they 
are  to  act  or  refiuin  from  acting.  For  we  are,  indeed,  conscious  of 
willing  towards  the  performance  of  non-habitual  muscular  operations. 
The  more  habitual  the  operation,  the  less  are  we  conscious  of  it,  for 
reasons  to  be  assigned  afterwards.  Well,  we  v>Ui  the  operation ; 
but  we  never  know  how  the  command  is  obeyed,  except  through 
means  of  the  return  telegrams  by  the  sensal  nerves.  A  blind  man, 
conscious  of  throwing  a  stone,  does  not  perceive  how  far  it  has  gone, 
or  what  it  has  hit,  except  indistinctly  through  hearing,  until  he 
carries  his  baral  nerves  up  to  whei*e  they  can  give  him  more  definite 
information.  A  skilled  fencer,  on  the  other  hand,  urges  and  controls 
his  sword- work  under  instant  and  accurate  intelligence,  being  kept 
fully  informed  of  all  that  is  going  on  by  means  of  his  eyes  diiefly. 
But  further,  although  he  appears  to  use  effort — nay,  does  do  so  by 
means  of  his  muscles — I  hold  it  absurd  to  suppose  that  much 
physical  effort — equal  to  mass  motion— can  be  effected  through 
invisible  tubes  filled  with  imperceptible  fluid.  We  telegraph  orders 
—the  muscles  do  the  work,  just  as  we  can  fire  an  explosive  miles 
off  through  means  of  a  telegraph  wire  \  but  it  is  the  explosive  sub- 
stance which  does  the  damage.  In  fftct,  we  deal  with  our  muscle- 
force  as  an  engine-driver  on  a  locomotive  does  with  the  steam  (of 
the  boiler)  when  he  turns  it  on  or  off.  If  he  had  no  sensal  nerves, 
or  if  they  were  all  out  of  order,  he  would  not  know  how  the 
machinery  of  the  engine  operated. 

I  have  said  that  I  look  upon  the  neoteric  sense-organs  as  developed 
on  the  lines  of  the  palaic.      In  addition  to  the  reasons  alrea47 


Dr.  Henry  Muirhead  on  the  Senses.  323 

adduced,  we  may  farther  consider  that  in  so  far  as  the  external 
agencies  are  concerned,  that  light  is  nearly  allied  to  heat,  odours  to 
tastes,  and  sound-waves  to  molar  pressures.  Then  the  neoteric 
instrumentalities  are  very  locally  developed,  whereas  the  palaic 
are  to  be  found  everywhere.  It  may  be  argued  that  taste  is  quite 
localised  in  the  mouth.  This  is,  no  doubt,  the  case  in  highly  dif- 
ferentiated animals,  but  it  is  very  far  from  being  so  in  the  more 
lowly  and  far  more  numerous  individuals  which,  while  they  assimi- 
late food  and  continue  their  species,  are  never  endowed  with  neoteric 
sense-organs;  not  to  speak  of  the  myriads  which  flourished  and 
died  ere  an  eye  or  an  ear  was  developed.  In  those  biods  whose 
body  is  all  foot,  and  also  all  mouth,  that  mouth  tastes,  swallows,  and 
assimilates  food  by  any  part  of  itself  which  happens  to  come  into 
contiguity  with  an  edible  substance.  Indeed,  I  am  inclined  to  look  on 
taste  as  the  most  palaic  and  also  the  most  important  of  the  senses 
in  primal  times.  The  one  from  whose  information  the  retention  or 
rejection  of  captured  booty  was  determined  on  by  the  protozoa  of 
primordial  ages — in  times  when  the  taste-organism  was  little  more 
diflerentiated  than  it  is  in  a  crystal,  which  we  know  retains  the 
appropriate  and  rejects  the  inappropriate.  A  mode  of  acting  still 
in  vogue  in  those  portions  of  our  own  food-canal  which  have  their 
mode  of  taste  still  but  little  diflerentiated,  or  interfered  with  by 
cerebral  influences,  and  which  reject  up  or  down  the  inappropriate 
with  characteristic  energy,  seeming  "  survivals  "  of  the  palaic  modes 
of  operating  of  more  primal  times. 

In  this  connection  I  may  note  briefly,  that  I  hold  that  all  forms 
of  jugal  Reproduction  are  diflerentiated  processes  of  Assimilation 
essentially ;  and  that,  in  like  manner  as  assimilation,  reproduction 
is  disgusted,  and  the  operations  of  its  products  are  cramped,  by 
paucity  of  proper  variety  in  the  materials  assimilated.  Variety  in 
materials  leads  to  variety  in  modes  of  operating  3  and  the  greater 
the  variety  in  the  modes  of  operating,  the  greater  the  enjoyment  of 
life.  For  life,  physically,  is  essentially  connected  with  powers  of 
moving  unpossessed  by  inorganic  bodies.  In  fact,  each  individual, 
when  he  excepts  that  which  he  evolves  from  the  depth  of  his  own 
consciousness,  knows  no  other  distinction. 

Further,  it  appears  to  me  that  in  the  advantages  derivable  from 
variety  of  operations  we  may  find  the  reason  for  the  origination  of 
jugal  reproduction,  and  also  the  sources  of  the  beneficial  eflects  of 
kinless-jugation — cross-fertilisation  as  compared  with  kin-jugation — 
in-and-in-breeding.  Advantages,  we  know,  do  accrue,  except  seem- 
ingly where  the  non-kinship— diflereutiation  in  operations— is  such 
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pating.  In  the  meantime,  I  may  say  that  I  hold  that  the  baral 
sense  organs  are  those  palaio  apparatuses  which  are  excited  by  the 
impacts  of  sensibly  ponderable  masses ;  while  the  thermal  sense 
organs  are  the  palaic  instrumentalities  which  are  excited  by  the  im- 
pacts of  the  almost  imponderable  particles  or  grouplets  of  ether.  In 
thus  attempting  to  raise  into  greater  prominence  the  thermal  sense, 
whose  nerves  have  not  yet  been  anatomically  traced,  may  I  hope 
that  I  make  some  compensation  for  depressing  the  muscular.  That 
is,  supposing  both  changes  to  come  to  be  accepted — a  state  of  opinion 
not  likely  to  eventuate  for  some  time  to  come. 

We  all  know  that  some  sensal  telegrams  are  of  themselves  some- 
times agreeable  to  us,  while  some,  on  the  other  hand,  are  disagree- 
able. I  mean  that  they  are  so  simply  of  themselves,  and  not 
apparently  dependent  merely  on  the  greater  or  less  intensity 
or  repetition  of  the  sensal  telegrams.  This  class  of  facts  likely 
depends  on  the  constitution  —  evolution  of  the  individual  for 
the  time  being,  since  our  appreciation  of  many  of  them  may 
be  altered  by  age  and  habit.  Disagreeables  in  this  class  seem 
to  be  such,  from  the  modes  of  motion  induced,  not  accord- 
ing with  the  normal  modes  of  motion  of  the  organs  affected. 
In  the  same  way,  the  introduction  of  a  new  belief  opposed  to,  or 
contradictory  of,  some  old  established  belief  of  a  race  or  caste,  is  found 
to  be  most  repugnant  to  the  theological,  the  moral,  or  the  scientific 
modes  of  thought  of  that  race  or  caste ;  just  as  a  poison  may  be 
looked  on  as  a  substance  which  induces  modes  of  motion  in  the 
organism  incompatible  with  the  normal  modes.  But  besides  the 
foregoing  class  of  agreeables  and  disagreeables,  there  are  many 
sensal  telegrams  which  are  pleasurable  or  painful  (physically),  in 
consequence  of  the  amount  of  intensity  or  of  repetition.  The  sensal 
telegrams  may  be  so  slight  or  so  evanesc^t  as  to  be  barely  percepti* 
ble,  or  so  habitual  as  to  be  almost  unheeded.  In  this  stage  they 
may  be  classed  as  indifferent  in  character.  But  an  increase  in  in* 
tensity  or  repetition  may  cause  them  to  be  esteemed  pleasurable  for 
a  time.  Further,  the  increase  may  be  so  great  as  to  merge  into  the 
disagreeable,  passing  on  to  tiring  and  painful,  and  still  further  on, 
till  the  normal  information  of  the  telegrams  is  almost  or  wholly 
lost  in  telegrams  of  nerve  disorder  or  nerve  destruction,  which  seem 
always  painful,  until  from  thorough  disorganisation  telegrams  cease 
altogether.  All  our  perceptions  of  desirables  or  undesirables,  whether 
viewed  in  connection  with  spatial  and  chronal  associations  or  not, 
must  have  some  brain  operation — must  have  this,  whether  induced 
primarily  or  associationally.     While  alive  this  is  indispensable. 
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But,  further,  some  will  be  inclined  to  say,  in  reference  to  sensal 
telegraphing,  that  I  ought  to  include  the  conscious  reaction  of  th* 
brain — to  the  telegrams — that  occurs  in  sensation  >^ork.       Now, 
intimations  sent  through  a  telegraph  wire,  and  consciousness  of  them 
by  a  telegraph  clerk,  are  different  doings,  and  require  different  in- 
strumentalities.    As  they  have  different  names  in  the  telegraphic 
department,  I  think  they  ought  to  have  distinguishing  names  in  the 
human  mechanism.     I  am   not  aware,  however,  that   they  have 
acquired  distinguishing  appellations  in  psychology  or  mental  science. 
If  they  have  not,  the  more  is  the  pity.     Not  only  does  there  seem  a 
want  of  distinctiveness  here,  but  also  that  there  is  a  lack  of  clear 
appreciation  as  to  the  distinctive  natures  of  Sensation  and  Perception; 
and  I  venture  to  postulate  as  a  finger-post,  to  help  us  in  our  travail 
towards  greater  lucidity,  that  sensation  is  usually  restricted  to  the 
consciousness  of  sensal  intimations,  and  does  not  include  conscious- 
ness of  their  apparitions  when  merely  remembered  again  ;  whereas 
perception  is  a  more  generic  term,  including  not  only  consciousness 
of  sensal  telegrams,  but  also  consciousness  of  Recollections,  Compari- 
sons, Cognitions,  Conceptions,  Desires,  and  other  Emotions.     More- 
over, surely  for  the  sake  of  greater  clearness  the  term  Feeling  ought 
to  be  restricted  to  simple  reaction  to  sensal  telegrams,  so  as  to  have 
nothing  to  do  with  the  work  of  the  sensal  nerves  telegraphing,  on 
the  one  side,  nor  with  the  operation  of  conscious  grouping  of  the 
feelings  on  the  oth^r  side,  when  the  latter  come  to  persist  in  con- 
sciousness.    For  brevity's  sake  I  must  leave  aside  Emotions,  which 
are  feelings  excited  by  some  stirring  action  of  the  organism,  intense 
enough  to  force  itself  into  conscious  notice,  and  impelling  to  organic 
action,  although  brain- work  may  have  more  or  less  power  of  restrain- 
ing the  tendencies.     Emotions  are  less  strong  organic  actings  than 
those  we  call  instinctive,  reflex,  or  excito-motor — viz.,  coughing, 
sneezing,  winking,  swallowing,  breathing,  and   other   more  palaio 
operations  of  the  organism.     Without  further  notice  of  this  division 
of  the  feelings,  and  to  aid  in  disentangling  and  delineating  the  various 
steps  in  the  process  of  becoming  conscious  of  the  qualities  and  rela- 
tionships of  external  objects,  let  us  note  down  sensation  work  in  the 
order  of  its  procedure,  jotting  down  telegraphing  work  alongside  aa 
analogous  doings,  to  lielp  towards  a  clearer  apprehension  of  the 
physiological  and  psychological  operations. 

1.  External  object  excites  stimu-     1.  As  the  battery  does  in   the 
lating  work  in  the  distal  ends  extremity  of  the  telegraph 

of  the  sensal  nerves.  wii*e. 
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2.  As  aloDg  the  telegraph  wire. 

3.  As  by  the  needle  moving. 

4.  Equal   to   telegraph  spelling 

work. 

5.  Equal   to    word-forming  and 

sentence  -forming. 


2.  There  foUowstremor-travelling 

along  the  sensal  nerve. 

3.  Eesponse  work  by  the  brain 

moving. 

4.  Attention  to  trains  of  sensal 

telegrams — feeling  work. 

5.  Grouping  work  to  get  at  rela- 

tionships less  or  more  com- 
plex. 

In  reference  to  our  acquiring  notions  of  Relationships,  I  beg 
attention  for  a  few  moments  to  our  mode  of  procedure. 

The  sensible  qualities  of  an  object — i.e.,  its  modes  of  operating  on 
us — are  to  us  merely  sensal  feelings  evolved  and  noted — the  simplest 
conscious  results  of  brain-work.  For  there  are  vital  results  of  sensal 
stimulation  which  may  not  rise  into  consciousness.  And  each  sense 
organ  telegraphs  to  the  brain  nothing  but  its  own  peculiar  class  of 
mo<les  of  stimulating,  as  induced  in  and  through  it  by  the  external 
motant.  Therefore  the  conscious  feelings  of  sensible  qualities 
which  we  have  in  consequence  of  messages  transmitted  through  one 
sense-organ,  do  not  add  to  nor  corroborate  the  testimony  of  any  of 
the  others  in  reference  to  space-occupancy,  or  the  relative  position 
of  the  object  in  any  great  degree.  In  other  words,  we  are  affected 
by  organic  actions  which  we  have  learned  to  call  feelings  ;  but  these, 
in  their  character  of  simple  feelings,  give  us  no  further  information 
regarding  objects.  Feelings,  as  such,  do  not  go  any  way  in  enabling 
ua  to  determine  where  they  are,  or  where  they  come  from ;  whether 
they  are  in  anything  anywhere,  or  if  more  than  one  set  of  them 
inhere  in  the  same  reality  (ding-an-sich) ;  or  i£  its  properties,  its 
modes  of  acting,  have  any  resemblance  to  the  conscious  brain  move- 
ments we  call  sensible  qualities  of  objects.  But  although  they 
cannot  corroborate  one  another  in  respect  to  testifying  to  each 
other^s  modes  of  inducing  sensible  qualities,  through  being  able  to 
repeat  one  another's  telegrams,  they  one  and  all  of  them,  without 
exception,  testify  each  with  more  or  less  minuteness  according  to 
the  relative  abilities  of  the  accompanying  motor  instrumentalities, 
in  regard  to  the  truth  of  the  measurements  estimated  from  the 
testimony  of  any  one  of  them,  in  reference  to  the  relative  Position, 
Size,  and  Form  of  any  sensible  object.  I  say,  that  they  each  and  all 
of  them  agree  whenever  and  wherever  we  make  use  of  our  motor 
instrumentalities  (natural  and  artificial),  to  cany  these  sensible- 
qualities-indicating  instruments  towards,  up,  over,  or  round  any 
object  concerning  which  we  wish  to  get  information,  to  enable  us  to 


328  Philosophical  Socidy  of  Glasgow. 

make  estimates  in  reference  to  its  relative  position  (localitj),  sixe, 
and  form.  The  latter  two  being  estimates  of  the  relative  positions 
of  the  parts  of  the  object.  The  former  of  these  having  refereooe  to 
the  dUiajiees—the  latter  having  regard  to  the  directions — ^in  space  of 
the  parts  concerned.  All  these  relative  measurements  ire  are 
enabled  to  estimate,  through  Time-estimates,  by  mitlnng  the  muscles, 
and  other  analogous  organs,  move  to  and  fro  the  distal  ends  of  the 
sensal  nerves.  Then,  according  to  their  positive  or  negative 
telegrams,  we  are  enabled  to  judge  regarding  the  relative  positions 
of  the  objects  and  parts  of  objects  inducing  the  messages.  When 
we  move  about  certain  nerve-ends,  and  sensal  telegrams  are  sent  in, 
we  assume  that  there  is  then  present  outside  something  -which 
excites  them  to  telegraph.  If,  however,  no  telegram  be  transmitted, 
we  assume  that  it  is  because  there  is  then  no  object  present  capable 
of  exciting  to  telegraph.  I  repeat — ^because  I  am  not  aware  that 
any  one  has  pointed  out  the  fact,  or  called  attention  to  its  import- 
ance in  reference  to  the  evidence  of  the  reality  of  an  external 
world — I  say,  that  all  these  six  witnesses  agree  in  their  testimony 
to  the  apparent  truth  of  the  relative  measurements  of  objects  and 
distances,  as  far  as  they,  by  means  of  our  motor  appliances,  are 
brought  to  examine  and  bear  witness  to  the  relative  position,  size, 
and  form  of  any  object. 

To  illustrate  my  position  by  what  Herbert  Spencer  calls  a  con- 
crete example,  suppose  a  hot  plum-pudding  before  us.  We  can,  of 
course,  from  the  photal  telegrams,  through  means  of  the  optic  organs, 
moved  by  their  appropriate  motor  instrumentalities,  estimate  the 
relative  position,  size,  and  form  of  the  plum-pudding.  A  blind  man 
can  do  the  like  by  means  of  his  baral  telegrams,  and  also  through 
thermal  intimations,  when  he  moves  his  fingers  to  and  fro  to  gather 
their  information.  If  he  used  his  tongue,  taste-nerves,  independently 
of  the  other  sense-organs,  could  transmit  information  also,  though 
with  more  difficulty  to  him  from  its  enclosed  position.  The  tele- 
grams of  odour  could  be  employed  less  minutely  from  the  still  more 
enclosed  situation  of  the  nerve  ends,  although  a  foxhound  has  little 
trouble  in  following  a  narrow  trail  for  miles.  Hearing-sense's  nerves 
are  still  more  enclosed ;  so  the  details  we  can  arrive  at  by  means  of 
their  telegrams  are  even  less  minute,  yet  if  the  object  were  a  musical 
box,  we  could  gather  a  knowledge  of  its  locality  and  size.  Moreover, 
it  is  also  evident  from  the  foregoing,  that  these  sensal  telegrams 
never  oppose  nor  contradict — but  as  far  as  in  them  lies  covroborate — 
each  other's  testimony  in  reference  to  any  object,  or  any  portion  of 
an  object  moving  from  one  place  to  another  :  that  is  to  say,  first  as 
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to  its  being  present  in  one  locality  during  a  given  time,  and  then 
subsequently  absent  from  said  place,  and  present  in  another.  For 
it  is  only  by  making  our  motor  organs  carry  our  sense  instru- 
mentalities to  requisite  places,  as  a  dog  does  his  nose,  that  we  can 
get  positive  and  negative  information,  from  which  we  draw  con- 
clusions as  to  matter's  motions.  And  the  assistance  we  get  from, 
and  the  use  we  make  of,  the  instrumentalities  connected  with  sight 
seem  to  me  to  be  worth  more  than  all  those  of  all  the  others  put 
together.  Of  course  I  include  the  limb  muscles.  Muscles  are  not 
telegraphers,  but  telegraph  carriers  or  portera 

Physicists  have  puzzled  much  over  the  inverted  image  that  we 
see  in  the  eye  after  death,  which  has,  in  <ny  opinion,  as  little  to  do 
with  the  brain-work  of  vision  as  with  that  of  taste  or  smell.  We  no 
more  really  have  objectively  &  formed  picture  of  an  object  visible,  than 
a  man  born  blind  has  with  the  same  picture  in  his  eye.  But  just  as 
a  blind  man  moves  his  baral  nerves  ever  an  object  with  his  fingers 
and  their  papillae,  and  accoMing  to  hereditary  constitution,  personal 
practice,  and  memory  arrives  at  a  conclusion :  so  the  motor  instru- 
mentalities of  the  eye  (probably  the  fibres  of  Miiller  move  the  rods) 
carry  the  optic  nerve-ends  to  and  fro,  so  that  they  can  telegraph 
inwards  from  the  different  disturbances  they  are  carried  over ;  and 
according  to  hereditary  constitution,  personal  practice,  and  memory, 
we  are  enabled  to  arrive  more  or  less  quickly  at  estimations  of  the 
positions,  sizes,  forms,  and  motions  of  objects.  Thus  solely  by 
manipulating  (or  papillating,  if  you  please)  over  photal  telegram- 
excitants,  as  a  blind  man  does  over  baral,  do  we  arrive  at  a  know- 
ledge of  the  relative  positions  of  the  head  and  feet,  top  and  bottom, 
&c.,  of  any  object  in  reference  to  the  ground,  or  anything  else. 
Difference  of  colour  being  merely  difference  in  the  character  of  the 
motion  *  in  the  photo-telegraphic  messages,  which,  therefore,  induce 
difference  in  the  brain-response  necessary  to  consciousness.  Some- 
times the  groupings  of  the  telegraphic  quiverings  or  pulsings  are 
improperly  arranged  by  us,  so  that  our  notions  are  incorrect,  and  we 
imagine  objects  to  be  that  which  they  are  not.  Indeed,  it  not 
unfrequently  happens  that  it  is  only  after  we  come  to  hit  on  the 
proper  cue,  that  we  are  enabled  to  arrive  at  a  correct  determination 
of  what  is  truly  telegraphed  through  the  optic  nerves :  and  still 
more  is  this  the  case  in  regard  to  other  telegrams.  For,  observe,  all 
our  conscious  operations,  qiia  consciousness,  are  mental  or  brain 

*  PoBsibly  ariaiDg  from  the  diffierence  in  the  size  of  the  grouplets  of  ether, 
which  the  smaller  they  are,  may  rotate  the  more  quickly,  and  travel  farther  in 
the  direction  of  the  violet  end  of  the  8|)ectram. 
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operations.  The  fact  is,  we  do  not  become  oonsdons  of  one  in 
a  hundred  of  our  sensal  telegraphic  messages.  Only  of  those  to 
which  we  elect  to  (]),  or  are  compelled  to,  devote  bndn-work  do  wc 
become  conscious,*  and  even  then,  the  brain- work  mast  be  strong 
enough,  and  long  enough  continued — must  have  sufficient  intensitj 
and  sufficient  repetition,  f  so  as  to  invest  the  brain  with  mnemonic 
ability  to  re-enact  the  mental  operation,  ere  we  can  become  con- 
scious of  it  one  instant  after,  or  any  other  succeeding  instant.  We 
are  virtually  unconscious  of  what  is  merely  instantaneous  brain- 
work.  When  the  four  cups  of  a  Robison-anemometer  revolve  with 
great  rapidity,  we  observe  one  at  the  right  side  and  one  at  the  left 
side,  but  nowhere  between.  This  is  in  consequence  of  the  cups 
remaining  longer  in  the  same  lino  of  sight  at  the  sides.  A  Orookes' 
radiometer  shews  this  easily.  [Experiment  shewn.]  It  is  by 
taking  advantage  of  this  fact  (as  well  as  distracting  our  attention) 
that  the  juggler  exhibits  and  performs  before  our  eyes,  things  and 
processes  of  which  we  fail  to  become  conscious — fedl  in  consequence 
of  the  short-lived  brain  reaction  never  acting  so  again.  It  appears, 
therefore,  that  we  are  conscious  only  of  what  our  brain  can  and 
does  re-enact — that  is,  of  what  it  can  remember^  and  only  during  the 

*  Moreover,  it  sometimes  happens  that  we  do  not  become  conscious  of  an  object 
(do  not  notice  and  j(roup  its  constituents)  until  the  external  reality  ceaaes  to 
have  communication  with  the  sensal  nerve  ends.  For  instance,  in  gazing 
intently  through  a  window,  some  paces  off,  at  a  beautiful  white  doad,  we  may 
fail  to  note  the  sash-bars,  feul  to  be  conscious  of  them,  until  we  happen  to  shut 
our  eyes,  and  farther  darken  them  by  a  handkerchief;  when  the  window-ban 
then  exhibit  themselves  quite  distinctly  in  normal  distance,  size,  and  form,  bni 
in  any  direction  towards  which  we  turn  our  eyes.  This  occurs,  we  may  snppoae^ 
in  consequence  of  the  affected  nerve-ends  continuing  to  quiver  in  the  fashion 
induced  by  the  reflected  Ught  from  the  bars  for  a  few  moments  previous  to  cor 
darkening  our  eyes.  We  being  still  stirred  by  their  telegrams,  note  the  latter, 
now  that  the  intenser  telegrams  from  the  cloud  do  not  distract  our  attention, 
note  them  whilst  they  are  induced  by  the  protracted  quiverings  of  the  nerve- 
ends,  and  group  their  intimations  in  their  proper  relative  positions,  according 
to  methods  and  laws  for  which  we  have  acquired  proclivities  and  aptitudes 
through  inheritance  or  long  habituation  personally. 

t  Of  course  intensifying  and  repeating  are  here  understood  in  synchronous  as 
well  as  sequent  order.  If  bodies  be  too  minute,  their  quaUties,  i.e.,  their 
molecular  doings,  are  not  able  to  stir  to  appreciable  feeling  reaction  until  a 
sufficient  number  of  telegram  exciting  motants  co-operate  synchrononaly  or 
•equently.  Diligent  practice,  however,  generates  ability  to  discriminate  better — 
to  react  consciously  to  the  stimuli  of  more  minute  or  fewer  grouplets  than  was 
possible  on  first  attempts ;  demonstrating  that  conscious  noting  and  grouping 
of  feelings  are  organic  operations— are,  in  fact,  analogous  to  what  we  call  mora 
or  less  artistic  work,  physical  or  mental. 
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moments  or  minutes  that  the  brain  does  remember,  does  re-enact 
the  processes  with  sufficient  intensity.  And,  further,  we  may 
remember  having  had  sensal  telegrams  without  groupings  of  them, 
or  remembering  the  groupings  of  them  as  objects  and  their  doings. 
Moreover,  the  brain  requires  some  teaching,  some  practice  to 
commit  to  memory — i,e.,  acquire  ability  to  go  over  the  groupings 
again  in  the  absence  of  the  primary  stimulants.  Just  as  all  pro- 
cesses which  require  teaching — as  walking,  dancing,  speaking, 
writing,  &c, — must  have  some  practising  to  get  the  facility  of 
repetition  into  the  memory  of.  the  organs  taught.  Even  the 
physical  operation  of  belief  is  nothing  more  than  some  mode  of 
brain-acting  become  so  habitual  as  always  (when  excited  by  cir- 
cumstances) to  reappear  in  accustomed  fashion,  in  consequence  of 
the  absence  of  such  disturbing  influences  as  can  compel  action  in 
any  other  fashion.  Diseased  (t.e.,  abnormal)  organic  actings  induce 
abnormal  feelings,  and  also  abnormal  groupings  of  them  and  their 
relationships — insane  notions.  Our  dreams  shew  that  we  believe 
as  our  brain  acts.  If  asked,  why  I  ignore  spiritual  influences  1  I 
reply,  this  paper  is  confined  to  physical  operations.  I  have  no 
physical  evidence  of  a  human  belief  in  the  absence  of  a  human 
brain. 

Our  sensal  feelings  are  the  mental  molecules  which,  noted  as  syn- 
chronous and  persisting,  make  up  our  sensible  and  extended  objects 
— sensible  as  feU,  extended  as  grouped — ^with  all  their  relationships  in 
Space,  as  we  guess  and  assume  them  and  it  to  be.  These  mental 
molecules  and  their  groupings  as  objects,  together  with  recoUectings 
•of  them — noted  as  occurring  asynchronously  and  non-persistingly — 
compose  our  calendars  of  Time.  Objects,  Space,  and  Time  are  there- 
fore to  us,  just  as  we  have  been  compelled  to  group  them,  from  our  sen- 
sible telegrams.  When  we  are  grouping  feelings  or  clusters  of  them, 
this  nascent  work  of  forming  view  oi:  notion  is  the  process  termed 
Subjective,  and  its  offspring  Subject.  When  the  grouping  is  arranged 
in  conscious  work,  and  so  repeated  as  to  be  mnemonically  recallable 
in  due  arrangement,  in  consequence  of  incitement  thereof  by  feeling, 
cluster,  or  symbol,  the  grouping  recalled  is  termed  Objective  or 
Object  respectively,  according  as  we  refer  to  the  operating  or  its 
fruit.  To  us  the  subjective  operating  is  more  obvious,  from  its  un- 
accustomed ness  ;  while,  on  the  other  hand,  the  objective  work  is 
more  overlooked  (non-remembered)  from  its  easy-going  rapidity,  as 
all  habituated  organic  operations  are  prone  to  be.  With  this  dis- 
tinction the  processes  and  proceeds  are  the  same.  For  although  we 
talk  of  subject  as  being  that  in  which  the  subjective  inheres,  we  are 
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conscious  of  its  work  only.  When  there  is  no  working,  there  is  no 
consciousness.  And  we  may  hold  associations  of  ideas  to  arise  from 
the  stirring  of  some  similarity — A,  of  sensible  qualities  merely ; 
B,  of  said  qualities'  groupings  in  time ;  C,  in  space — less  or  more 
complexly ;  and,  D,  by  aid  of  symbols. 

To  conclude,  for  I  am  afraid  I  have  exhausted  your  patience.    The 
six  classes  of  sensible  telegraphic  messages,  when  consciously  reacted 
to,  are  our  sensal  feelings,  and  are  the  physical  fundamentals  of  all 
human  knowledge.     Our  Guessings,  Surmisings  as  to  their  and  our 
relationships,  constitute  our  Thinkings — our  exercise  of  reason.  Thus 
would  I  distinguish  between  Feeling  and  Thought.   Even  Descartes' 
axiomatic, ''  Cogito  ergo  suniy"  is  slowly  elaborated  from  guessings-over 
— arranging  relationships  of — these  fimdamentals.     Human  babies 
require  years  and  thousands  of  these  conscious  feelings  before  arrir- 
ing  at  Descartes'  conclusion,  or  using  the  first  personal  pronoun  in 
referring  to  themselves.   Idiots  never  do  so  at  all,  and  lunatics  some- 
times change  the  ego.     It  is  through  inducing  and  attending  to  the 
movements  of  ourselves  and  other  things  that  we  are  enabled  to 
test  our  surmises  and  assumptions, — the  views  wo  mentally,  i.«., 
meta-physically,  arrive  at  in  reference  to  the  relationships  of  the 
things  telegraphing  to  us,  wittingly  or  unwittingly,  through  the 
sense  organs.     For  I  re-assert  that  all  our  views  concerning  the 
positions,  sizes,  forms,  and  motions  of  objects  are   metaphysical 
assumptions,  however  probable  they  may  seem  from  the  number  and 
remarkable  unanimity  of  the  independent  witnesses.    To  extend  the 
empire  of  our  sensal  feelings,  and  to  make  assurance  of  our  assump- 
tions more  sure  than  our  natural  instrumentalities  enable  us  to  do; 
we  have  invented  and  constructed  numerous  physical  appliances  to 
extend  the  range  of  the  telegraphic-  apparatus,  and  our  means  of 
manipulating  with  them,  so  as  to  afford  us  a  wider  range,  a  greater 
number,  a  distincter  vision,  a  broader  basis  of  physically-excited 
data,  from  which  we  may  mentally  construct  ideal  representations, 
notions,  views   of  the  objects  around  us,  of  their  various   move- 
ments,  processes,    relations,    and   interactions ;   and,    further,    to 
test  all  for  the  purpose  of  verification  or  reconstruction. 

[AV<?.— Since  the  reading  of  my  paper,  Professor  M^Rendrick  has  called  my 
attention  to  Kiihne's  researches  (see  JVa/«re,  voL  xv.,  p.  296),  whereit  is  shewn  how 
Kiihne  fixes  photographically  in  the  retina  the  image  there  seen.  This  conobor- 
ates  the  Professor's  statement  (in  the  discussion)  that  chemical  action  occurs 
during  vision,  both  going  to  confirm  the  general  law,  that  every  vital  action  is 
accompanied  by  chemical  change.  At  the  same  time,  it  does  not  nullify  the 
statement  that  wo  are  acted  on  by  matter  moving  ethereally  (conditioned)  when 
conscious  of  effects  of  heat  or  light,  nor  operate  to  contradict  the  notion  that  w« 
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direct  attention  to  feelings,  to  gronp  spatial  and  chronal  relationships  of  objects 
and  processes.  Moreover,  althongh  it  shews  what  actinic  rays  seem  to  do,  further 
investigations  are  yet  required  to  find  out  the  modes  of  operating  of  thermal 
and  photal  rays,  which  appear  to  be  more  immediately  concerned  in  exciting  to 
thermal  and  photal  sensation.] 

Discussion  on  Dr.  Muirhead's  Paper. 

Professor  M'Kendrick,  M.D.,  said  he  Lad  listened  with  great 
interest  and  pleasure  to  the  paper  read  by  Dr.  Muirhead.  He  had 
certainly  taken  a  wide  view  of  a  subject  which  would  lead 
into  very  intricate  and  difficult  questions.  He  was  particularly 
interested  in  the  purely  physical  way  in  which  Dr.  Muirhead  had 
tried  to  examine  sensory  impressions.  This  was  the  true  way  to  get 
at  a  thorough  understanding  of  nervous  mechanism.  Quite  recently 
there  had  been  several  attempts  made  to  ascertain  what  really 
occurred  in  the  terminal  organs  of  sense  under  the  action  of  parti- 
cular stimuli.  For  instance,  the  question  had  often  been  suggested 
— what  was  the  particular  action  of  light  upon  the  retina,  and  the 
action  of  sound  upon  the  terminal  organa  in  the  intricate  mechanism 
of  the  ear?  For  a  long  time  this  subject  baffled  investigation,  but 
now  it  was  known  that  by  careful  arrangements,  and  with  proper 
instruments  capable  of  delicate  measurements,  a  change  in  its 
electrical  condition  could  be  made  out  in  the  optic  nerve  under 
the  influence  of  light.  Light  produced  a  distinct  and  specific 
chemical  change  in  the  retina,  which  change  might  be  manifested 
at  once  to  the  sensea  by  an  electric  variation,  which  could  be 
detected  and  measured  by  a  galvanometer  and  other  delicate 
apparatus.  It  had  also  been  shewn  that  the  action  of  light 
upon  the  retina  was  nearly  similar,  even  in  quantitative  results,  to 
the  action  of  light  upon  a  sensitive  plate  of  chloride  of  silver,  such 
as  was  used  in  certain  photographic  arrangements.  Up  to  that 
time  no  one  had  succeeded  in  making  out  exactly  what  happened 
in  the  terminal  apparatus  of  the  ear,  but  quite  recently  he  had 
satisfied  himself  that  odoui*s  produced  a  specific  change  in  the 
olfactory  nerves, — a  change  similar  in  character,  so  far  as  could  be 
measured  by  the  galvanometer,  to  that  which  occurred  in  the  retina 
and  optic  nerve  with  the  stimulus  of  light.  By  investigating  such 
problems,  physiologists  might  help  such  thinkers  as  Dr.  Muirhead 
in  still  further  eflecting  a  complete  correlation  between  physical 
forces  and  agencies  outside  of  themselves,  acting  on  the  terminal 
organs  of  sense,  and  those  processes  which  take  place  in  our  nervous 
mechanism.  He  had  listened  to  the  paper  with  great  pleasure,  and 
hoped  to  read  it  in  the  printed  Proceedings,     Such  investigations 
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an  ciiniHi  Dr,  ^Cuirhftftil  had  mode  were  of  ^p^RAC  value,  mui  diis  was 
sgedaily  tame  of  choim  int^)  die  mflrhgniwn  (if  sesucnnr  inxgreamtna^ 
anil  into  GJie  mor^  ooficnra  acdana  of  die  nBrvoius  dvauuii.  Fomicsni 
nvf^r  anii  .stnilitHl  In  all  dieir  bearings  hy  diinkank  dieae  invoacigpr 
ciona  would  aaaiat  in  laying  die  fimniialann  of  a  aound  psvcfaaiogj^. 
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By  J.  B.  HLufs^AT,  F.E.S.E. 


[Bead  before  liie  Chemiiad  Section,  Karch  26L  LSTT.] 


Whilb  4tiidyin4^  chemistry,  and  more  especiaily  when.  reaJlnj; 
researches  relating  to  the  fundamental  principles  of  the  aciemre. 
the  &ct  has  acpun  and  again  been  forced  upon  my  notice,  that  the 
science  of  chemistry  has  been  led  along  one  particular  line  by  the 
force  of  circumstances ;  and  that  of  a  great  number  of  cfaemiisd 
systems  that  are  possible,  chemists  have,  as  would  be  expectetL 
fallen  into  that  which  was  nearest  to  hand.  As  chemistry  is  a  acienct^ 
which  has  sprung  up  naturally  with  the  growth  of  the  inqoirinjr 
fiiculty  in  man,  it  was  to  be  expected  that  the  science  would  fiillow, 
in  its  principal  lines,  the  state  of  things  naturally  ezistiii^  The 
chemist  works  in  an  atmosphere  which  contains  moisture,  and  all 
the  substances  he  dnds  on  this  earth  hare  been  subject  to  the  action 
of  water ;  in  which  compound  he  iinds  his  most  valuable  ally  in 
dissolving  substances,  in  order  that  they  may  act  intimately  upon 
each  other.  Thus  the  chemist  has,  by  force  of  circumstances,  been 
compelled,  or  we  may  say  led,  to  build  up  an  elaborate  system  of 
IxKlies,  either  directly  soluble  in,  or  prepared  from  substances 
soluble  in  water ;  so  that  nearly  every  chemical  compound  we  know 
of  has  been  cast  in  this  great  water  mould,  or  made  from  substances 
which  have  received  this  stamp.  Thus  we  have  an  enormous  system 
of  water  chemistry  ;  and  what  wonder  that  chemists  used  water  as 
a  type  on  which  to  frame  the  decompositions  and  combinations  of 
dynamical  chemistry,  by  means  of  rational  formuhe,  when  the  whole 
system  had  been  carefully  modelled  upon  that  compound  ? 

Then,  if  we  look  over  any  general  list  of  carbon  compounds,  we 
are  at  once  struck  with  the  fact  that,  however  complicated  the 
comjiound  may  be,  it  is,  noi  as  a  rule,  decomposed  by  water,  but  is  in 
fi^Lct  generally  soluble  in  it ;  but  if  we  take  complicated  compounds 
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of  any  other  element,  we  find  that  water  at  once  splits  up  the  com- 
plicated body  into  two  or  more  simpler  ones.  Now  to  use  a  musical 
simile,  we  may  say  that  water  is  iso-chronous  or  consonant  with 
complicated  carbon  compounds,  while  it  is  pseudo-chronous  or 
dissonant  with  the  complicated  <;ompoands  of  all  the  other  elements. 
It  occurred  to  me  that  this  may  be  the  reason  why,  on  this  earth, 
Carbon  forms  the  basis  of  all  organised  compounds,  or  organic 
structures,  because  they  have  been  found  of  the  only  substance 
which  agrees  with  water;  and  it  ia this  lattet  substance  which  has 
guided  the  formation  of  every  species  of  vegetiEible  and  animal  which 
exists  on  this  earth.  Were  all  other  planets  similarly  constituted — 
that  is,  having  the  oxide  of  hydrogen  for  their  liquid  constituent — 
then  only  organisms  *  similar  to  those  which  exist  on  this  earth 
would  be  possible.  But  the  spectroscope  has  shewn  that  some  of 
the  fixed  stars  are  difier^ntly^  constituted  from  our  own  sun,  some 
of  the  principal  lines  differing  from  anything  known  in  our  system. 
Now,  as  it  is  generally  admitted  that  thd  existence  of  planets 
circulating  round  these  suns  may  be  taken  for  granted,  it  is  quite 
likely  that  ihe  constituents  of  these  planets  may  differ  from  those 
of  the  worlds  in  our  solar  system,  and  there  may  be  spheres  where 
the  compound  water  is  unknown,  and  the  seas  and  rivers,  the  rain 
and  snow,  formed  of  some  other  liquid — under  whose  domain 
the  evolution  of  organic  forms  would  take  place  in  quite  a  different 
manner  from  that  in  which  carbon  organisms  are  evolved  under  the 
dominion  of  water.  These  speculations  are,  of  course,  extremely 
vague ;  but  my  reason  for  troubling  the  Society  with  them  is,  that 
about  three  years  ago  I  begai>  a  series  of  experiments  to  find  if 
there  were  any  truth  in  the  ideas  so  put  forward — that  is  to  say, 
to  determine  whether  carbon  is,  or  is  not,  the  only  element  capable 
of  forming  complicated  compounds,  and  whether  the  existence  of 
water  on  this  earth  is  the  reason  of  our  not  having  complex  bodies 
with  other  elements  for  their  bases ;  and  having  finished  a  portion 
of  the  work,  I  beg  to-lay  the  results  before  the  Society.  The  general 
plan  I  intended  to  follow  was  to  take  some  complicated  compound 
(containing  no  carbon)  which  is  decomposed  by  water,  and  find  a 
solvent  for  it,  and  act  upon  it  with  other  chemical  substances,  keep- 
ing it  out  of  contact  with  air  or  water.  After  experimenting  with 
various  substances,  I  found  that  the  compound  which  promised  the 
most  satisfactory  results  was  the  liquid  oxychloride  of  chromium ; 
and  the  solvents  I  used  for  it  were  carbon  disulphide  and  carbon 
tetrachloride.  I  may  mention  in  this  place,  that  one  of  the  first 
compounds  I  tried  was  arsenic  bromide^  a  body  which  can  be 
Vol.  X— Na  2.  z 
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obtained  easilj  pure,  and  ia  aolnUe  in  all  ppoportiona  in 
diaolpbide,  and  that  one  of  the  first  bodies  I  got  wna 
phosphide,  bj  %AA%r%^  a  solution  of  pho^homs  in  the  alioTe 
menstmam  to  the  arsenic  solntion.  This  is  interesting,  ma  the 
chloride  of  arsenic  does  not  give  anj  phosphide  when  tieatgwl  in 
the  same  manner.  The  i^osphide  whidi  has  been  prepared  bj 
Janowskj,  *  is  yellow,  and  is  formed  as  follows : — 

AsBr,  +  P,  =  AsP  +  PBr,. 

Janowsky  prepared  it  bj  passing  arsenic  hydride  over  axaenie 
trichloride — ^but  this  by  the  way. 

The  compound  of  chromium  which  I  used  as  my  starting  point 
is  generally  characterised  as  a  chlorinating  agents  and  has   long 
been  regarded  as  a  chloride  of  the  radicle  CrO,,  and  so  has  been 
named  Chromyl  dichloride.     Dr.  Thorpe  f  shewed  that  by  heating 
this  substance  to  185^  C.  in  sealed  tubes,  it  parted  with  two-thirds  of 
its  chlorine ;  and  M^Ivor  %  subsequently  shewed  that  iodine  easily 
removed  the  same  quantity  of  chlorine  from  the  substance.     It  is 
well  known  that  the  substance  attacks  sulphur  and  phosphorus 
with  explosive  violence,  and  it  was  generally  supposed  that  the 
chlorine  was  the  active  agent.     On  treating  a  solution  of  the  com- 
pound with  a  solution  of  sulphur,  carbon  disulphide  bein^^   the 
solvent  in  both  cases^  I  found  that  chemical  action  ensued  with  the 
formation  of  a  dark-green  precipitata     When  the  solutions  were 
somewhat  dilute,  the  precipitate  took  some  time  to  form,  and 
had  a  brownish  green  colour.     Care  had  to  be  taken  not  to  have  the 
solutions  strong,  as  the  heat  was  so  rapidly  developed  that  it 
caused  explosive  ebullition  of  the  carbon  disulphide.     I  found  that 
the  substance  absorbed  moisture  from  the  air  with  extreme  avidity, 
and  even  when  kept  in  a  desiccator  it  became  slowly  oxidised ;  so 
I  was  compelled  to  devise  an  apparatus  which  would  allow  of  the 
substance  being  precipitated,  filtered,  washed,  dried,  and  weighed 
off  for  analysis,  without  its  coming  in  contact  with  air  or  moisture. 
The  following  illustration  represents  the  apparatus  used. 

The  solution  of  the  oxychloride  was  placed  in  the  flask  D,  and 
the  solution  of  sulphur  run  slowly  in  by  the  funnel  E,  which  is 
provided  with  a  stopcock,  to  admit  of  a  regulation  of  the  flow. 
Before  doing  so,  a  current  of  carbonic  acid  gas  was  passed  through 
the  apparatus  from  the  gasometer  H,  the  gas  being  completely 

•  Dctt<.  Chem,  0t8.  Ber.,  vi.  216-220. 
t  Chem,  NewBy  Vol.  xx.,  p.  245. 
X  Id.,  Vol  xxviiL,  p.  138. 


Mr.  Hankat  on  New  ChrotMwa  aad  Mangawte  Compounds  337 

dried  by  passmg  throagli  the  desiocating  apparatus  G.  When  the 
predpitatioD  was  complete,  the  tube  C  wa«  pushed  down  to  the 
bottom  of  the  flask,  and  the  liquid  agitated,  to  prevent  the  pre- 
cipitate settling  down.  The  gas  from  H  was  allowed  to  press  the 
]iqnid  in  C  nearly  up  to  the  level  of  the  stopper  in  D,  and  it  was 
then  tnmed  off.  The  india-rubber  ball  F,  which  was  provided  with 
valves,  was  pressed  till  the  liquid  poured  over  from  D  into  B,  which 
was  a  wide  tube  constricted  at  its  lower  extremity,  where  also  it 
was  plugged  with  asbestos  to  act  as  a  filter.  This  operation  was 
repeated  till  all  the  precipitate  in  D  had  been  transferred  to  B, 
while  the  carbon  disulphide  with  excess  vf  sulphur  pass  into  A, 
Pure  carbon  disulphide  was  then  poured  into  E,  allowed  to  pass 
into  D,  then  forced  over  to  B,  so  as  to  wash  the  precipitate.     I 


would  here  remark  that  all  the  carbon  disulphide  I  used  had  to  be 
digested  for  some  time  with  powdered  qaicklime,  in  order  to  free 
it  from  moisture,  as  the  purest  substance  invariably  contains  small 
quantities  of  that  compound,  from  which  it  is  difficult  to  free  it. 

When  the  substance  was  prepared  in  the  above  manner,  it  formed 
a  bulky  light-green  powder,  having  a  tinge  of  brown.  On  treatment 
with  water,  it  hisses  like  ted-hot  iron,  owing  to  the  heat  evolved  by 
its  hydration.  I  expected  that  the  substance  would  be  formed  by 
the  abstraction  of  a  portion  of  the  chlorine  in  the  original  compound, 
as  ia  usually  the  case ;  but  I  searched  in  vain  for  sulphur  chloride 
in  the  carbon  disnlphide,  but,  on  the  other  baud,  the  liquid  had  a 
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so  that  both  compounds  are  often  impure.    On  analjais  it  yielded 


the  following : — 

• 

Poimd. 

Cilealated. 

Cr, 

29-94 

30-40 

CI, 

41-27 

41.55 

Oy                             •                        • 

18-95 

18-71 

0  (by  difference), 

9-84 

9-34 

10000  10000 

It  iB  easily  decomposed  bj  water  giving  the  following : — 

eCrjCl^SjOa  +  H^O  =  4Cr,Cl^+  2Crj05+  380,  +  9a 

The  water  decomposition  is  the  easiest  method  of  analysing  these 
compounds,  the  proportion  of  precipitated  to  oxidised  sulphur  shew- 
ing the  quantity  of  oxygen  in  the  substance.  On  treatment  with 
dried  chlorine  gas,  this  substance  split  up  in  much  the  same  manner 
as  the  compound  CrjCl^SOs,  only  the  sulphur- being  in  excess,  a 
compound  containing  sulphur  is  left  behind.  The  following  equa- 
tion represents  the  decomposition : — 

CrjCl^SjOg  +  2CI2  =  CrjCl^  +  SOjClj. 

This  formation  of  sulphuryl  chloride  is  so  curious,  that  I  consider 
it  is  quite  conclusive  that  the  chromium  compound  is  quite  different 
in  its  constitution  when  dissolved  in  carbon  disulphide,  than  when 
in  the  free  state,  because  in  the  latter  case  it  is  the  chlorine  which 
is  removable,  whereas  in  the  former  it  is  the  oxygen.  The  above 
compound  is  decomposed  by  water  into  a  solution  of  chromium 
sesquichloride  and  free  sulphur,  and  this  sulphur  is  insoluble  in 
carbon  disulphide,  shewing  that  it  is  the  prismatic  variety.  A 
bromine  compound  is  also  easily  formed,  but  I  have  not  examined 
it  completely ;  its  formula  most  likely  is  CrgCl^BrjS. 

By  digesting  the  precipitate  at  first  obtained  with  excess  of 
sulphur,  at  the  boiling  point  of  carbon  disulphide  for  some  hours, 
a  compound  may  be  obtained  in  which  the  sulphur  has  replaced 
the  whole  of  the  oxygen,  giving  the  substance  CrjCl^S,  by  the 
equation 

2CrCl2'Oj  +  2Sj  =  CrgCl^S,  +  280,. 

It  was  found  to  be  difficult  to  obtain  this  compound  in  a  state  of 
purity,  owing  to  its  extreme  avidity  for  oxygen  and  moisture. 
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After  many  trials  a  good  sample  was  obtained,  whioh  gave  the 
following  numbers  on  analysis  : — 

Fotmd.  Calculated. 

Cr,          .          -          3304  •        .        33-55 

CI,           .  .        *          44-90  .        .        45-81 

S,           .          .          20-M  .        .        20-64 


98-05  100-00 

The  deficiency  in  the  analysis  is  accounted  for  by  the  oxygen  and 
carbon  disulphide  held  by  the  substance.  It  is  at  once  decomposed 
by  water  into  the  compounds— 

3Cr2Cl4S2  +  3H3O  =  2Cr3Clg-f  CrgOs  +  3HjjS  +  3S. 

This  is  the  first  time  that  water  really  comes  into  play  as  a 
chemical  substance  in  these  decompositions,  that  is,  it  is  the  first 
instance  in  which  the  water  itself  is  split  up.  The  compound  is 
soluble  in  liquid  SnCl^  and  in  FCI3,  and  it  crystallises  from  the 
former  in  green  plates,  and  from  the  latter  in  dimetric  crystals.  It 
is  acted  upon  by  chlorine  and  bromine,  with  the  separation  of 
sulphur  chloride  and  bromide ;  but  I  did  not  examine  the  bodies 
formed. 

On  carrying  the  decomposition  of  the  oxychloride  further  by 
heating  it  with  excess  of  sulphur,  under  pi'essure,  at  a  temperature 
of  about  100°  C.  (SSjj  boils  at  63°  C),  the  compound  Cr^ClgSj  was 
formed  by  the  decomposition — 

8CrCl202  +  98^  =  2Cr^ClgS3  +  2S2CI2  +  880^. 

This  body  is  with  difficulty  ft^ed  from  carbon  disulphide,  which 
it  holds  with  great  te;iacity,  and  it  is,  as  usual,  at  once  decomposed 
by  water  as  follows-: — 

2Cr^Cle83  +  6HaO'=  2CrjCl^  +  2Cr208  +  6H28. 

I  did  not  make  an  analysis  of  the  whole  compound,  but 
determined  its  composition  by  treating  it  with  water  in  a  carbonic 
acid  apparatus,  and  weighing  loss  as  H^Sy  and  in  the  residue  I 
found  one-half  of  the  chromium  precipitated  and  one-half  dissolved, 
proving  it  to  have  the  above  composition.  It.  hasa  great  affinity 
for  oxygen,  and  takes  up  as  many  as  twelve  equivalents  of  that 
element,  forming  the  compound  Cr^ClgS^O^j'  ^  shewn  by  the  sub- 
joined analysis :— 
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Found. 

CalcaUl4 

Cr, 

29-22 

29-34 

CI, 

29-95 

30-05 

S,             •           • 

,13-62 

13-53 

0  (by  difference), 

27-21 

27-08 

10000  100-00 

It  may  also  be  partially  oxidised  to  the  compound.  Cr^Cl^SjO^ ; 
but  I  cannot  say  whether  this  is  a  definite  compound,  or  only  a 
chance  number.  These  are^all  the  compounds  obtained  by  direct 
treatment  by  sulphur,  or  derived  from  compounds  so  obtained. 
I  reserve  the  discussion  of  their  rational  formuka  for  another 
communication. 

I  found  that  by  passing  dry  sulphuretted  hydrogen  gas  into  the 
solution  of -the  oxychloride  in  carbon  disulphide,  a  green  precipitate 
was  formed,  mudh  lighter  in  colour  than  any  obtained  by  treat- 
ment with  sulphur,  and  which,  when  dried,  turned  to  a  pale 
yellow  powder.  As  far  as  I  have  been  able  to  examine  this  sub- 
stance, it  is  a  hydrate  of  a  compound  iiaving  the  formula  CrCl^S^, 
or  CrCl2S3(H202),  formed  th\is : — 

CrCljOj  +  2H2S  =  CrCljSa  +  2H2O. 

It  yielded  on«.analy8is  as  follows  : — 


Found. 

CalcuUted. 

Cr,       . 

23-28       . 

23-32 

CI,         . 

31-77       . 

31-84 

s,      . 

28-65       .' 

28-70 

0,       . 

... 

-14-35 

H,        . 

•            •           •             4 

1-79 

10000 

On  heating,  it  lost  its  moisture,  but  the  whole  compound  began 
to  split  up  before  the  total  moisture  was  driven  off.  It  is  acted 
upon  by  chlorine,  but  no  work  was  done  in  this  direction. 

The  last  of  the  sulphur  compounds  I  have  to  mention  is  a 
curious  combination*which  takes  place  between  the  body  CrjCl^O^S 
and  phosphorus  sulpho-chloride,  which  combine  directly  to  form 
the  body — 

CrjC1^03S  +  2PSCl5  =  Crj,ClioP2S202,  or  2CrCl5PSO. 
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Thifl  body  has  not  been  examined  very  fully,  but  such  I  hold  to 
be  its  composition. 

The  next  secies  of  substances  were  obtaiijied  by  acting  upon  the 
oxychloride  by  phosphorus,  instead  of  sulphur,  and  the  first  obtained 
seemed  to  be  a  direct  combination  of  phosphorus  with  the  oxy- 
chloride. It  had  a  pure  black  colour  when  precipitated,  but  when 
dried  was  of  a  brownish  colour.     It  seemed  to  be  formed  as  follows : 


SCtCI^O^  +  4P  =  OgCl^P^O 


•«  -9 


but  it  may  really  have  been  a  mixture  of  the  oixide  of  phosphorus 
with  another  compound,  as. both  oxides  of  phosphorus  are  insoluble 
in  carbon  disulphid^,  and  would  therefore.be  precipitated  along  with 
the  compound.  It  has  a  great  affinity  for  both  oxygen  and  moisture, 
and  analyses  of  different  samples  did  not  ^gree  well  with  each 
other.  By  treatment  with  a  solution  of  sulphur  at  100°  C,  under 
pressure,  a  portion  of  its  oxygen  is  removed,  leaving  the  compound 
CrjClgP^Og,  of  which  a  good  sample  gftve  the  following  analysis  : — 


Found. 

Calculated. 

Cr, 

29-84 

29-72 

CI,        . 

40-66 

40-58 

P,         . 

2302 

23-61 

0  (by  difference). 

6-48 

6-09 

aoo-00     #  100-00 

This  compound  was  also  nearly  black,  and  was  acted  upon  with 
violence  by  bromine,  giving  rise  to  another  compound,  as  repre* 
sented  by  the  equation — 

CrgClgP^Og  +  12Br=U:Jr3ClePaBi^03  +'2PBr5. 

I  did  not  analyse  this  compound,  but  constructed  the  formula  by 
treating  a  known  quantity  of  the  original  substance  with  excess  of 
bromine,  and  distilling  to  dryness,  and  weighing  the  residue  and 
estimating  the  phosphorus  in  the  distillate. 

By  passing  pure  phosphine  gas  into  a  solution  of  the  oxychloride 
a  dark-green  precipitate  is  formed,  by  the  equation — 

CrCl202  +  4PH5  =  Cr8CleP4.6HO. 

I  suppose  that  it  is  a  hydrate  of  that  composition,  because,  on 
heating  it  in  an  atmosphere  of  hydrogen,  it  is  obtained  anhydrousi 
as  shown  by  the  following  analysis, — 
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Found. 

Calcnlatad. 

Cr, 

31-40 

31-63 

CI, 

43-16 

4319 

P,         . 

24-85 

25-18 

99-40  100-00 

It  is  decomposed  bj  water,  giving  off  inflammable  hjdrogen 
phosphide;  but  other  secondary  compounds  are  formed  which.  I  have 
not  yet  examined,  so  that  I  cannot  represent  what  the  water 
decomposition  is.  On  mixing  it  with  phosphorus  pentachloride,  and 
passing  dry  chlorine  over  it,  a  poi-tion-  of  the  phosphorus  is  removed, 
and  the  compound  CrClgPCl  is  formed  as  follows  : — 

CrgCl^jP^-f  3C1,  =  3CrCl2PCl  +  PClg. 

The  same  reaction  takes  place  with  bromine,  giving  rise  to  the 
compound 

CrClgPBr, 

and  I  believe  that  the  iodide  might  be  formed,  but  I  have  not  yet  suc- 
ceeded in  obtaining  definite  results.  These  substances  might  be  repre- 
sented as  the  phosphides  of  the  compounds  described  on  page  338, 
obtained  by  the  action  of  chlorine  and  bromine  upon  CrjCl^SOj,  such 
as,  —  CrgClg  +  P2  =  SCrClaPCl,  and  CraCl^Br2  +  P2  =  2CrCl2PBr ; 
but  I  am  unable  to  say  whether  such  is  really  the  case. 

The  above  two  compounds  are  liquids,  almost  black,  and  can  be 
separated  from  the  phosphorus  chloride  and  bromide  by  distillation, 
as  the  chloride  boils  about  183*  C,  and  the  bromide  about  201**  C,  so 
that  all  the  phosphorus  compounds  are  driven  off  at  a  much  lower 
temperature.     On  heating  the  bromide  in  contact  with  air,  bromine 
was  given  off,  and  oxygen  taken  up,  to  form  a  black  solid  body, 
which  has  the  formula  (CrCl2P)20,  which  is  likely  an  oxide  of  the 
same  radicle   of   which   the  above  compounds   are   chloride   and 
bromide,  so  that  I  believe  I  have  obtained  a  new  radicle  of  the 
formula  CrCl„P.     I  was  not  able  to  determine  the  vapour  tension 
of  those  liquids,  as  I  had  so  minute  quantities  to  work  upon,  neither 
was  I  able  to  determine  their  water  decompositions,  as  secondary 
compounds  were  found,  but  in  too  small  quantities  for  examination; 
but  I  hope  soon  to  be  able  to  return  to  these  bodies  for  a  fuller 
examination  of  them.     I  would  remark  in  this  place  that  the  diffi- 
culties in  preparing  and  keeping  these  compounds  pure,  while  trans- 
ferring them  from  one  apparatus  to  another,  are  so  great,  that  they 
render  the  work  very  tedious,  as  many  analyses  are  lost  owing  to  a 
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little  oxygen  or  moisture  having  had  access  to  the  apparatus ;  so 
that  a  more  rigid  examination  of  these  bodies  may  necessitate  a 
change  in  some  of  the  formulas  assigned  to  them,  as  they  may  be 
much  more  complex  than  I  have  represented  them.  I  have  obtained 
some  compounds  from  the  fluoride  of  chromium^  but  as  their 
examination  is  very  -  incomplete,  I  shall  not  speak  of  them  here. 
The  following  is  a  list  of  the  chromium  compounds  given  in  the 
preceding  paper : — 


Cr^Cl^SOj 

CrjCl^SO, 

Cr,Cl^Brj 

CraCl^SjOj 

CrjClgS 

Cr2Cl4BraS 

Cr  2  01^82 

Cr^ClgSg 

Cr.CleSjO, 

Cr,CleSsO,2 
CrCl2S2H20 


UrCj2B2 

CrClgPSO 

CrjClePA 

(i!r3Cl8P2Bre02 

OjCleP^eHaO 

CrjCleP^ 

Gi-sClePCl 

GrjClePBr 

(er3CleP)20 

CrgCleP. 


On  turning  my  attention  to  the  manganese  compound  analogous 
to  that  which  served  as  the  basis  of  my  operations  with  chromium, 
I  found  that  it  was  immediately  decomposed  by  carbon  disulphide, 
but  that  carbon  tetrachloride  formed  an  admirable  solvent  for  the 
body.  Although  gaseous  at  ordinary  temperatures,  it  dissolved  in 
CCl^  much  in  the  same  manner  as  ammonia  dissolves  in  water,  and 
gave  off  the  gas  again  on  warming.  The  solution  is  of  a  splendid 
purple  red,  which  indeed  is  characteristic  of  oxygen  manganese 
compounds.  Both  the  gaseous  and  liquid  oxychloride  of  manganese 
give  very  pretty  absorption  speofcra ;  but  although  both  are  very 
definite,  they  are  quite  different ;  but  when  a  solution  in  carbon 
tetrachloride  is  heated  so  as  to  give  a  mixture  of  the  two  vapours, 
some  curious  changes  in  the  spectrum  are  seen  which  seems  to  point 
to  an  optical  demonstration  of  the  continuity  of  the  liquid  and 
gaseous  states  of  matter.  The  spectrum  observed  in  this  case  is 
intermediate  between  those  of  the  pure  liquid  and  pure  gas,  or 
nearly  so.  These  observations  are  merely  qualitative,  no  definite 
measurements  having  yet  been  made,  but  I  hope  soon  to  be  able  to 
get  some  measurements  made. 

To  find  in  what  manner  carbon  disulphide  acted  upon  the  oxy- 
chloride of  manganese,  I  poured  some  of  that  liquid  into  a  solution 
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of  the  oxjchloride   in   carbon  tetzackloride,  wben  tke  Ibllowiiig 
decomposition  took  place  : — 

3MnO,Cl2  +  2CSj  =  SMnO,  +  CSCl,  +  SaCT,. 

In  the  prodacts  of  the  decomposituMi  I  found  manganese  limTitie, 
carbon  snlpho-chloride,  and  solphnr  chloride.  Now,  there  hdw  loog 
been  a  division  of  opinion  as  to  whether  the  abore  cooLpoand.  is  aa 
oxjchloride  or  a  heptachloride  of  manganese^  bat  this  decomposi- 
tion sets  the  matter  at  rest.  In  this  reaction  much  heat  is  giren 
outy  and  if  the  solution  be  strong  it  will  even  boil  violently.  When 
the  Taponr  of  carbon  disnlphide  is  allowed  to  pass  slowlj*  into  a 
solution  of  the  oxjchloride,  so  that  the  decomposition  takes  place 
Terj  slowlj,  and  the  liquid  never  gets  heated,  another  decompomtion 
sets  in.  This  decomposition  is  rather  complicated,  but  amongst  the 
bodies  formed  is  one  which  seems  to  be  formed  in  the  following 

manner  : — 

MnOaCl  +  CS3  =  MnajC^S  +  SOa- 

This  substance  I  was  unable  to  obtain  pure,  but  on  treating  the 
impure  substance  with  water,  it  is  split  up  into  maaganoua  chloride 
and  carbon  mono-sulphide.  This  latter  compound  has  been  described 
bj  M.  Gueronty  and  was  obtained  as  a  brown  substance  coating 
bottles  of  carbon  disulphide  which  had  been  exposed  to  sunlight. 
The  compound  above  described  is  not  totallj  split  up  into  these  two 
compounds,  some  secondarj  reactions  rendering  its  decompositum 
somewhat  complex. 

When  sulphuretted  hjdrogen  is  passed  into  the  solution,  a  com> 
bination  ensues,  and  the  resulting  compound  (which  is  grej)  has,  as 
£ftr  as  I  can  find,  the  formula  like  the  analogous  chromium  com- 
pound of 

MnCl3S,2fl:302. 

I  tried  to  render  this  compound  anh  jdrous  like  the  chromium 
compound  ;  but  on  heating  it,  even  in  an  atmosphere  of  hydrogen, 
the  whole  substance  splits  up.  It  is  decomposed  b  j  water  into 
manganous  chloride  and  free  sulphur.  These  are  the  onlj  com- 
pounds  of  manganese  that  I  have  been  able  to  obtain  in  sufficient 
quantitj  to  analyse  with  sufficient  accuracj  to  determine  their 
formulie.  The  solution  of  manganese  oxjchloride  decomposes  on 
standing  even  in  the  dark,  but  two  or  three  hours  in  daylight  will 
entirelj  decompose  a  strong  solution.  It  is  also  difficult  to  compare 
it  in  anj  quantitj  with  anj  degree  of  puritj;  and  the  permanganate 
of  potassium  used  does  not  give  one-fourth  of  the  theoretical  quantitj 
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of  oxjchloride,  so  that  the  waste  is  enormous.  I  found,  however, 
that  by  treating  its  solution  like  that  of  chromium,  much  the  same 
class  of  compounds  were  formed — that  is,  I  obtained  precipitates  by 
the  same  precipitants,  but  I  have  not  been  able  to  quantitatively 
analyse  any  of  them  yet.  One  central  fact  which  comes  out  of  this 
examinaticA  is,  that  every  one  of  the  compounds  I  have  discovered 
is  decomposed  by  water ;  so  that  I  have  established  one  of  my  posi- 
tions, that  is,  that  water  is  inimical  to  tHe  existence  of  complicated 
compounds  of  both  chromium  and  manganese,  and  that  the  existence 
of  water  on  this  earth  is  the  reason  of  our  not  having  such  com- 
pounds already  formed.  I  think  that  the  number  of  compounds  I 
have-  been  enabled  to  bring  before  you  (although  I  have  as  yet  been 
unable  to  introduce  any  kind  of  regularity  amongst  them)  will  at 
least  shew  some  probability  that  my  second  position  may  be  true, 
that  there  might  be  an  organio  chemistry  for  every  one  of  the 
dements,  if  we  only  knew  how  to  treat  the  compounds. 
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XXXI Y. — On  some  recent  Views  of  the  Functions  of  the  Brain  and  tie 
Relation  to  other  Nervous  Centres.    By  Joseph  Coats,  M.D. 


[Head  before  the  Society,  March  21,  1877.] 


The  publication  during  recent  y'ears  of  many  researches  and  specu- 
lations on  the  functions  of  the  nervous  system  has  induced  me  to 
think  that  possibly  a  paper  related  to  that  subject  might  not  be 
unwelcome  to  the  Philosophical  Society.  I  have  reason  to  belieye 
that  this  subject  has  interested  many  in  this  Society,  and  when 
asked  to  furnish  a  paper  to  the  Biological  Section,  my  thoughts 
naturally  turned  in  that  direction.  It  will  not  be  possible  here,  of 
course,  to  do  more  than  illustrate  a  few  general  points,  and  as  the 
subject  is  somewhat  of  a  technical  kind,  I  must  beg  your  careful 
attention  and  indulgence. 

It  is  important  at  the  outset  to  refer  to  the  relation  between  the 
nervous  and  the  muscular  systems,  and  we  shall  get  some  hints  as 
to  this  and  some  other  matters  by  considering  for  a  short  time 
certain  points  illustrated  by  the  action  of  the  heart.  The  heart 
consists  of  a  double  set  of  pumps  which  drive  the  blood,  the  one  set 
through  the  lungs,  and  the  other  through  the  body.  The  heart  is 
composed  of  muscle,  and  it  is  by  the  contraction  of  this  muscle  that 
the  heart  empties  itself — as  we  would  empty  an  india-rubber  ball  by 
squeezing  it — and  so  drives  forward  the  blood.  Now,  the  heart  of 
a  living  animal  may  go  on  beating  for  hours  after  it  has  been 
entirely  removed  from  the  body.  This  is  easily  shewn  in  the 
case  of  the  frog.  My  former  teacher,  von  Kecklinghausen,  has  told 
me  that  he  can  take  out  the  heart  of  a  frog,  and,  hanging  it  in  a 
vessel,  he  can  keep  it  beating  for  a  week.  What  is  the  reason  that 
the  heart,  after  it  has  been  thus  severed  from  the  body,  keeps 
doing  its  work?  The  reason  seems  to  be  that  the  heart  has  a 
nervous  system  of  its  own,  by  means  of  which  the  contractions  are 
kept  up.  The  central  part  of  this  nervous  system^  or,  so  to  express 
it,  the  brain  of  the  heart,  is  situated  at  a  certain  part  of  the  heart ; 
and  it  has  been  foiind  that  if  the  organ  be  cut  into  two  pieces,  one  of 
which  contains  the  essential  parts  of  this  nervous  system,  and  the 
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other  does  not,  then  the  part  which  retains  its  neiroos  system  will 
go  on  beating,  while  the  other  part  will  stop.  It  ntay  be  said  here, 
once  for  all,  that  the  esaential  parts  of  a  nervous  ^tem,  as  illus- 
trated by  that  of  the  heart,  are  these, — in  the  first  place,  ganglion 
cells  (Fig.  I),  each  group  of  which  forms  a  ganglion  or  nerroua  centre; 
and,  in  the  second  place,  nerve  fibres,  which  form  oommunications 


Fig.  1.  Qanglicm  Cella. 

between  the  ganglion  cells  and  other  parts.  Some  of  these  fibraa 
conduct  impressions  to  the  ganglion  cells,  and  some  carry  impulses 
away  from  them  ;  and  what  happens  in  the  case  of  the  heart  which 
has  been  removed  from  the  body,  seems  to  be  this — impressiona  are 
conveyed  to  the  cells,  and  these  cells  thereupon  send  forth  impnlses 
which  call  upon  the  muscle  to  contract.  You  may  take  it  as  a 
practical  rule,  that  in  the  living  body  all  muscular  movement 
originates  in  an  impulse  carried  to  the  muscles  from  ganglion  cells. 
And  it  may  also  be  stated,  though  with  greater  reserve,  that  the 
impulse  which  arises  in  the  ganglion  cells  is  wakened  up,  as  it  were, 
by  some  stimnlation  carried  to  the  ganglion  cells  by  the  other  set 
of  nerre  fibres  of  which  I  have  spoken. 
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But  when  we  have  said  so  mnch,  we  hare  by  no  means  exhatisted 
the  whole  nervous  arrangements  of  the  heart  as  it  exists  inside  the 
living  body.     Although  the  heart  has  a  nervous  system  of  its  own, 
this  nervous  system  bears  certain  relations  to  the  other  parts  of  the 
nervous  system.     We  are  all  conscious  in  our  own  persons  that  any 
sudden  piece  of  startling  intelligence  may  cause  the  heart  to  stop 
for  an  instant,  while  any  mental  excitement  may  accelerate  its 
action  and  make  it  much  more  powerful.     But  this  can  be  much 
more  plainly  shewn  by  experiments  on  animals.     In  order  to  illus- 
trate this  I  have  furnished  a  diagram  (Fig.  2),  which  is  copied  from 
the  record  of  some  work  which  I  did  on  this  subject  some  years 
ago,  under  Ludwig,  at  Leipzig.     It  is  possible  by  a  proper  system  of 
connecting  tubes  and  other  arrangements  tb  make  the  heart  write 
its  own  story  on  a  revoiving  cylinder.     Hound  the  cylinder  is 
wrapped  a  sheet  of  paper,  blackened  with  smoke,  and  as  the  heart 
contracts,  a  needle  scrapes  off  the  soot  and  leaves  a  white  mark  on 
the  paper.     In  this  way  the  contractions  or  beats  are  expressed  in 
a  series  of  waves,  and  ev6ry  alteration  in  the^  beating  will  be  at 
once  registered  on  the  paper.     Now,  there  is  a  nerve  which  sends 
branches  to  the  heart,  called  the  vagus  or  pfleumogastric,  irritation 
of  which  causes  the  most  distinct  alteration  in  the  beats  of  the 
heart.     This  nerve  takes  origin  in  the  lower  part  of  the  brain,  and 
so,  under  ordinary  circumstances,  it  will  be  certain  states  of  the 
brain  which  wUl  act  through  this  nerve  on  the  heart.     But  it  is 
easy  in  the  frog  to  expose  this  nerve,  and,  after  destroying  the 
brain,  irritate  the  nerve  in  its  course  by  means  of  electricity.     And 
on  this  diagram  you  see  tKe  effect  produced.     There  is  a  pause  in 
the  action  of  the  heart — it  may  be  short  or  long — and  in  some  cases 
it  is  some  little  time  before  the  beats  begin  again,  while,  when  first 
resumed,  they  may  be  much  less  vigorous  than  before. 

Now,  it  is  very  important  to  consider  what  happens  in  a  case  like 
this.  We  must  suppose  that  the  internal  nervous  system  of  the 
heart  is,  to  begin  with,  keeping  up  the  contractions,  and  the  effect  of 
irritating  the  vagus  is  to  control  or  stop  the  action  of  these  ganglion 
cells.  In  technical  language  the  vagus  is,  in  relation  to  the  heart, 
an  inhibitory  nerve;  it  is  so  related  to  the  ganglia  concerned,  that 
impulses  sent  through  it  control  or  stop  the  action  of  these 
ganglia. 

But  besides  this  nerve  which  controls  the  heart's  action,  there 
are  others  whose  irritation  excites  it  to  more  rapid  action.  It  is 
not  possible  as  yet  to  isolate  these  nerves  and  irritate  them  in  their 
course  as  we  can  the  vagus;  but  we  can  irritate  the  part  of  the  brain 
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■where  they  originate,  and  by  this  means  accelerate  the  action  of  the 
heart. 

We  have  seen,  then,  that  in  addition  to  a  nervous  system,  of  its 
own,  which  nervous  system  has  a  special  relation  to  the  muscular 
substance  of  which  the  organ  is  mainly  composed,  the  heart  stands 
related  to  the  brain  by  two  distinct  sets  of  nerves.  These  nerves, 
both  of  them,  act  on  the  intrinsic  nervous  system,  and  through  the 
one  set  impulses  are  sent  which  control  the  ganglia^  while  through 
the  other  are  sent  impulses  which  excite  these  to  increased  or  more 
rapid  exertion. 

What  has  been  said  of  the  heart  may  be  said  with  certain  modifi- 
cations of  the  muscles  of  almost  any  part  of  the  body.  Take,  for 
example,  the  legs.  It  is  true  that  the  legs  have  not  a  nervous 
system  in  themselves,  but  they  have,  all  the  same,  a  nervous 
system  which  is  peculiarly  their  own.  Suppose  that  the  nervous 
system  of  the  heart,  instead  of  being  in  the  heart,  had  been  away 
from  it  in  the  spinal  oord,  but  connected  with  the  heart  bj  means 
of  long  communicating  fibres,  and  you  have  exactly  the  state  of 
matters  existing  in  relation  to  the  legs.  The  legs  are,  as  it  were, 
represented  by  sets  of  ganglion  cells  in  the  spinal  cord,  and  it 
appears  to  be  entirely  through  these  ganglion  cells  that  the  muscles 
of  the  legs  are  moved.  This  proper  nervous  system  of  the  muscles 
of  the  legs  may  be  separated  from  the  brain  by  cutting  across  the 
cord,  and  then,  so  far  as  the  brain  is  concerned,  we  have  a  condition 
comparable  to  that  of  the  heart  which  has  been  cut  out  of  the  body. 
Such  an  experiment  is  too  often  done  for  us  in  the  human  subject, 
when  a  man  falls  and  breaks  his  back  or  his  neck,  or  when  by  some 
internal  bleeding  the  cord  is  torn  across.  You  are  aware  that  with 
such  persons  the  legs  are  as  much  out  of  their  control  as  is  the  heart 
to  the  animal  from  which  it  has  been  removed — they  can  exercise 
no  voluntary  movement  with  them.  But  all  movement  is  not 
abolished  in  the  legs,  the  proper  ganglion  cells  in  the  spinal  cord 
are  still  active,  and  if  some  method  be  adopted  of  stimulating  them 
they  will  cause  the  muscles  to  move.  If  the  soles  of  a  person  whose 
legs  have  been  thus  paralysed  be  tickled,  the  toes  move,  and  often 
the  whole  leg  gives  a  violent  jerk.  In  that  case,  the  tickling  of  the 
soles  has  caused  an  impression  to  travel  through  the  nerves,  up  to  the 
spinal  cord,  where  it  has  roused  up  the  ganglion  cells  to  act  on  the 
muscles.  In  aii  animal  the  cord  itself  may  be  exposed  and  irri- 
tated, either  by  tickling  it  or  by  electricity,  and  if  the  proper  part 
of  it  has  been  so  treated  the  muscles  of  the  legs  will  move. 

The  movements  produced  in  these  ways  will  be  mostly  indefinite 
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and  purposeless  ones,  because  these  ganglia  in  the  spinal  cord, 
which  we  may  call  primary  ganglia,  are  of  the  simplest  descrip- 
tion. The  contraction  of  a  muscular  organ  like  the  heart  is  a  very 
simple  action,  compared  to  such  a  movement  as  drawing  up  the  leg. 
For  this  latter  movement  a  complicated  set  of  muscular  contractions 
must  be  gone  through  in.  a  simultaneous  and  connected  manner, 
and,  for  the  most  part,  the  spinal  cord  of  msai  is  too  simple 
an  arrangement  for  this.  It  can  cause  muscles  to  contract,  but 
there  are  few  proper  muscular  actions  which  it  can  bring 
about.  In  some  animals,  however,  the  nervous  system  in  the 
cord  is  proportionately  more  highly  organised.  In  the  frog, 
for  instance,  if  the  brain  be  removed,  the  ainimal  is  still  capable 
of  actions  of  a  somewhat  complicated  nature.  If  a  bit  of  mustard 
be  put  on  its*  thigh;  it  will  lift'  its  leg  and  try  to  scrape  it  off. 
A  man  under  similar  conditions  is  not  capable  of  any  such  compli- 
cated action. 

But  now,  just  as  in  the  case'  (ft  the  heart,  the  lower  ganglia  in 
the  spinal  cord  are' under  the  c6ntrol  of  those  higher  up.     The 
man  whose  cord  is  uaterrupted  cannot  control  the  movements  of  his 
legs — if  the  soles  aife  tickled,  ilie'legs  will  move*  in-  spite  of  him. 
But,  under  similar  irritation,  w^,  whose  nervous  connections  are 
intact,  have  a  cprtain  amount  of  eOBtrol  over  the  movements.     That 
is  to  say,  even  when* these  ganglion  cells  are  stimulated,  and  would, 
if  left  to  themselves,  cause  mttscular  movements,  we  can  by  an 
effort  of  will  send  an  impulse  which  stops  or'inhil»ts,  more  or  less 
perfectly,  their  action.     On  the  other  hand,  we  can  stimulate  these 
ganglion  cells  to  the 'most  vigorous  action  on  the  muscles.     I  think 
there  is  little  doubt  that,  in  every  movement  we  make  of  our  legs, 
these  ganglion  cells  are  immediately  concerned.     It  might  naturally 
be  supposed  that,  when  we  by  our  will  make  a  movement  of  our 
legs,  as  in  kicking,  the  impulse  would  be  carried,  without  stopping, 
as  it  were,  right  from  the  brain  to  the  legs;  but  this  does  not  seem 
to  be  at  all  the  case.     There  is  a  disease,  called  infantile  paralysis, 
in  which  the  ganglion  cells  in  the  spinal  cord  ana  affected.      The 
disease  seems  to  pick  out  the  ganglion  cells  of  certain  muscles  for 
destruction.     The  consequence  is,  that  these  muscles  are  paralysed, 
the  person  is  unable  to  move  them,  not  because  the  cord  as  such  is 
interrupted,  but  because  this  necessary  link  in  the  chain  is  wanting. 
From  this,  and  other  circumstances,  we  may  conclude  that,  just  as 
in  the  case  of  the  heart,  the  acceleration  of  its  action  was  effected 
through  the  inherent  ganglion  cells  of  the  organ,  so  any  muscular 
action  which  is  referable  to  some  impulse  from  the  higher  parts  of 
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tlie  aystem,  is  brought  about  through  what  we  may  call  the  proper 
gtuiglion  cells  of  the  part  coucemed. 

But  let  us  now  go  a  step  higher  up,  and,  passing  over  the  lower 
brain,  or  medulla  oblongata,  which  has  special  relationa  to  the  heart 
and  respiration,  let  us  consider  the  functions  of  the  middle  brmio, 
including  the  cerebellum  and  corpora  quadrigemina.  These  parts 
Hi'o  composed  of  ganglia  which  in  many  respects  may  be  looked 
upon  as  ruling  or  directing  those  in  the  spinal  cord.     Many  ""ini.i. 


V\^.  3.  BtaLn  and  epinal  cord  of  the  Eel,  Bhewing  the  relative  poaition  of 
tlie  guii-Iia.  Thta  animal  is  choaen  for  illuitratlon  because  of  the  aimilarity  in 
■120  of  the  ganglia. 

(iin  go  through  most  elaborate  movements  when  deprived  of  all 
piirtH  above  this  middle  brain.  A  pigeon  cun  fly,  a  frog  can  hop  and 
Hwim,  a  rabbit  can  run.  But  they  seem  only  to  do  these  things 
wht-n  by  some  means  these  ganglia  are  irritated.  A  rabbit  wUl 
remain  quiet  till  its  foot  is  pinched,  and  then  will  set  about  running. 
You  will  observe  that  these  are  much  moro  elaborate  actiona  thaa 
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ftny  which  can  be  done  through  the  cord  alone,  and  we  may  suppose 
that  in  this  part  of  the  brain  the  ganglion  cells  have  connections 
with  those  in  the  spinal  cord,  and  when  the  ganglion  cells  in  thi^ 
middle  brain  are  stimulated,  they  will  act  on  those  in  the  cord  which 
are  related  to  the  proper  muscles,  and  so  the  required  movements 
will  be  effected. 

In  man  we  frequently  meet  with  cases  in  which  the  upper  brain 


Pig.  4.  DiagnuaiiiBticrepresenUtionof  tbeoentnJnervoiiBiTitaiD.  ^lewhiU 
diicB  T«preMiit  tBOBory  and  the  bltclc  ooet  motor  gwiglU.  The  arrow-hewli 
■hew  the  direction  of  itnpnlMt  and  impreiuoiu.     [After  Fenier.] 

or  cerebram  is,  on  one  side,  separated  from  the  middle  brain  and 
all  parts  below,  but  it  is  seldoia  that  this  separaiion  is  quite  com- 
plete. In  these  oases  the  power  of  movemcDt  preserved  is  very 
much  less  than  that  in  most  animals  similarly  situated.  8uch 
penona  are  completely  paralysed  on  the  affected  side,  and  even  when 
stimulated  the  ganglia  of  the  middle  brain  seem  capable  of  producing 
very  few  complex  actions.     But  even  in  man  we  sometimes  see 
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actions  of  considerable  complexity  brought  about  when  the  cere- 
brum has  been  separated. 

T  was  recently  attending  a  woman  who  was  completely  paralysed 
on  the  right  side,  and  the  fact  that  at  first  she  could  neither  move 
the  leg,  nor  feel  when  it  was  touched  or  pinched,  shewed  that  the 
upper  brain  was  completely  dissevered,  on  one  side,  from  the  lower 
parts.  Yet  this  leg  was  not  without  movement.  Not  only  did  it 
move  in  a  purposeless  WAy  when  the  soles  were  tickled,  but  if  it  got 
into  certain  positions,  it  kept  fidgeting  about  till  it  got  into  a  posi- 
tion which  to  lit  was  comfortable.  It  was  highly  interesting  to 
notice  how  she  talked  about  the  leg  in  quite  an  impersonal  way. 
She  described  that  if  it  was  moved  out  of  its  usuiU  position,  in 
order  perhaps  to  turn  her  over  on  one  side,  it  would  not  lie  there, 
but,  without  her  having  anything  to  do  with  it,  it  would  exhibit 
its  discomfort,  and  by  successive  movements  get  back  to  its  old 
place.  In  this  case  the  pressure  pf  the  leg  in  an  .  unaccustomed 
position  seems  to  have  stimulated  the  ganglia  of  the  middle  brain, 
and  these  brQUght  about  those  piiovements  which  had  the  very 
definite  purpose  of  restoring  the, limb  to  its  uBual  place. 

1  shall  cite  another  observation  which,  I  think,  illustrates  more 
points  than  this  which  we  are  now  considering.  -I  had  also  recently 
under  my  care  in  the  Westerji  Infirmary  a  woman  who  was 
j)aralysed  on  the  right  ^ide.  At  first  she  could  not  move  either 
arm  or  leg  in  the  least.  But  she  inf<N:med  me  one  day  that  in 
yawning,  the  paralysed  arm  moved  in  a  way  that  astonished  her. 
She  described  that  the  arm  was  lifted  up,  the  palm  of  the  hand 
])resented  forward,  and  the  fingers  stretched  out  in  all  the  actions 
of  an  exaggerated  yawn  ;  so  free  was  the  movement  that  for  the 
moment  she  mistook  this  fcHr  the  ;30und  arm.  The  meaning  of  this 
is  plain  enough.  The  ganglion  cells  which  are  concerned  in  the 
complicated  set  of  actions  which  go  to  make  up  a  yawn,  are  situated 
in  the  middle  or  lower  brain,  and  in  the  present  case  these  ganglia 
were  uninjured.  And  you  will  observe  that  the  action  was  a  highly 
exaggerated  one,  the  right  arm  moved  much  more  freely  than  the 
left,  and  the  reason  of  this  too  is  obvious.  As  a  rule,  in  yawning 
we  voluntarily  control  the  movements  concerned.  It  is  not  quite 
proper  in  polite  society  to  gape  in  the  presence  of  people,  and  the 
movements  are— often  with  some  difliculty — controlled.  It  is  easier 
to  control  the  stretching  movement  of  the  arms,  and  in  most  cases 
we  succeed  in  doing  so.  It  is  a  case  in  which  the  higher  ganglia 
stop  or  control  the  lower  ones,  just  as  the  ganglia  in  the  brain 
may,  through  the  vagus,  control  or  stop  the  action  of  the  intrinsic 
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ganglia  of  the  heart.     But  in  this  poor  woman   the   controlling' 
higher  centres  were  cut  off  from  the  lower  ones,  and  the  reeult 
was  an  incontrollable  and  automatic  action  such  as  I  have  related. 

Turning  now  to  the  upper  brain  or  cerebrum,  we  have  to  divide 
this  part  into  two.  There  are  certain  large  ganglia  at  the  bottom 
part,  which  from  their  situation  are  called  basal  ganglia,  and  there 
is  the  piincipal  large  mass  of  the  brain  which  covers  these  and  forms 
the  chief  part  of  the  brain,  the  cerebral  hemispheres.  "We  can  dis- 
tinguish in  these  two  parts  advancing  degrees  of  complexity  in  the 
actions  in  which  they  take  part  similar  to  what  we  have  found  in 
the  lower  ganglia. 

Hitherto,  in  speaking  of  the  functions  of  the  various  ganglia,  I 
have  almost  entirely  confined  myself  to  the  consideration  of  move- 
ments as  illustrating  the  action  of  the  various  groups  of  ganglion 
cells.  I  have,  however,  indicated  that  there  are  certain  nervous 
communications  or  fibres  which  carry  impressions  from  the  surface 
to  these  ganglia,  and  these  fibres  are  often  called  sensory  fibres ; 
but  for  a  reason  we  shall  see  immediately  it  is  better  to  call  them 
centripetal  fibres,  the  impressions  passing  along  them  towards  the 
centres.*  There  is  some  reason  to  believe  that  even  in  the  lower 
ganglia  these  centripetal  fibres  have  special  ganglion  cells  in  which 
they  end.  They  do  not  simply  pass  into  the  ganglion  cells  which 
give  rise  to  movements,  but  moat  of  them  probably  end  in  ganglion 
cells  of  their  own.  These  ganglion  cells  have  communication,  on 
the  one  hand,  with  the  ganglion  cells  which  have  to  do  with  the 
movements,  and,  on  the  other,  with  the  higher  centres.  So  that 
when  an  impression  is  originated,  say  by  tickling  the  soles,  what 
happens  is  something  like  this :  The  impression  travels  along  the 
centripetal  nerves  up  to  the  spinal  cord  (see  Fig.  4),  and  reaches  the 
ganglion  cells  at  the  back  part  of  the  cord.  These  ganglion  cells 
pass  the  impression  on  to  the  corresponding  motor  cells,  and  also  up 
the  cord  to  the  brain,  and  the  consequence  is,  that  there  is  at  once 
an  involuntary  withdrawal  of  the  foot,  and  a  sensation  of  tickling 
experienced.  In  the  lower  centres,  the  connection  between  the 
ganglion  cells  which  receive  impressions  and  those  which  originate 
movements  seems  to  be  very  close.   In  fact,  it  is  doubtful  whether  the 

*  By  glancing  at  Fig.  4  what  follows  may  be  rendered  clearer.  The  fignre 
is  entirely  diagrammatic,  and  is  intended  to  illustrate  the  relations  of  the 
various  ganglia  to  each  other,  and  the  directions  which  impulses  and  impres- 
sions take  in  passing  from  ganglion  to  gangUon,  or  between  ganglia  and  the 
varions  parts  of  the  body.  The  diagram  is  copied  from  Ferrier's  work  on  the 
Fonctions  of  the  Brain. 
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centripetal  fibres  are  not  to  a  certain  extent  connected  directlj  witK 
the  motor  ganglion  cells,  rather  than  altogether  through  special  cells 
of  their  own.  And  in  all  the  actions  of  the  lower  ganglia,  in  so  dr 
as  they  are  independent  of  the  higher  ones,  the  reception  of  impres- 
sions and  the  origination  of  morements  seem  to  be  inseparablj  con- 
nected. For  example,  in  the  animal  whoee  cord  has  been  cut  across, 
irritation  of  the  soles  or  feet  gires  rise,  as  a  matter  of  coarse,  to  the 
movements  already  described,  and  it  seems  to  be  the  same  with  all 
the  lower  ganglia.  The  sudden  closure  of  the  eye,  which  happens 
involuntarily  when  an  object  is  brought  too  close,  is  due  purely  and 
simply  to  a  reflex  action  ;  the  impression  is  conveyed  to  the  middle 
brain,  and  as  a  simple  matter  of  mechanism  the  action  is  brought 
about.  These  actions  are  unconnected  with  any  feeling  on  the  part 
of  the  animal ;  there  may  be,  as  already  mentioned,  an  impression 
conveyed  simultaneously  to  the  brain  which  gives  rise  to  a  feeling, 
but  in  the  reflex  action  itself  there  is  no  feeling.  The  withdrawal 
of  the  foot,  when  it  is  tickled,  can  be  separated  even  in  our  own 
consciousness  from  the  feeling  of  tickling,  and  we  have  already 
seen  that  in  persons  whose  spinal  cord  is  divided  the  reflex  action 
occurs  without  the  possibility  of  any  feeling  accompanying  it.  It 
would  thus  appear,  then,  that  impressions  may  be  conveyed  from  the 
surface  of  our  bodies  to  the  nervous  centres  without  giving  rise  to 
feelings  or  sensations  at  all ;  and  this  is  the  reason  why  it  is  not 
strictly  correct  to  speak  of  the  fibres  which  convey  these  impressions 
as  sensory  fibres. 

It  is  also  proper  to  state  here  that  in  the  lower  ganglia,  which  we 
have  been  considering  hitherto,  the  ganglion  cells  which  receive 
impressions  and  those  which  give  rise  to  movements  are  very  closely 
related  in  position.  In  the  spinal  eord,  for  instance,  there  is  indeed 
a  part,  which  you  may  call  the  motor,  situated  in  the  front  part  of 
the  central  portion  of  the  cord,  and  another  part,  which  receives  the 
sensory  nerves,  situated  at  the  back  part.  But  these  two  regions 
are  very  near  each  other,  and,  in  fact,  to  a  certain  extent  merge  into 
each  other.  The  same  may  be  said  of  the  ganglia  above  the  spinal 
cord  in  the  lower  and  middle  brain.  In  the  medulla  oblongata 
there  are  so-called  sensory  and  motor  parts,  but  even  in  position 
they  are  closely  related.  In  the  middle  brain  it  is  difficult  to  be 
sure  whether  the  two  are  to  any  great  extent  separated  in  position. 

But  when  we  come  to  the  upper  brain,  or  cerebrum,  there  is  a 
marked  diflerence  in  these  respects.  I  have  already  mentioned 
that  at  the  bottom  of  the  cerebrum  there  ai*e  the  basal  ganglia. 
Now  there  are  two  of  these,  and  one  of  them^  called  the  corpus 
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striatum,  seems  to  be  mainl j  a  collection  of  motor  ganglion  cells ; 
while  the  other,  the  thalamus  opticus,  is  related  to  the  reception  of 
impressions.  We  shall  see  afterwards  that  the  separation  of  these 
two  functions  becomes  much  more  complete  in  the  highest  part  of 
the  upper  brain,  the  cerebral  hemispheres ;  but  it  marks  a  great 
advance  in  the  separation  of  these  two  functions  when  we  find 
them  here  so  distinctly  separated  in  position. 

As  you  might  expect,  we  know  much  more  about  the  corpus 
striatum,  which  has  to  do  with  movement,  than  about  the  other 
ganglion.  It  is  possible  to  irritate  the  corpus  striatum  in  a  living 
animal,  and  the  irritation  of  it  gives  rise  to  movements,  but  the 
results  of  irritation  of  a  sensory  ganglion  are  much  less  obvious. 
These  basal  ganglia  seem  to  have  a  much  higher  function  than  any 
of  those  lower  in  the  scale.  In  fact,  there  are  some  animals  which 
seem  to  be  not  much  the  worse  of  being  deprived  of  the  whole 
cerebral  hemispheres,  leaving  the  basal  ganglia  and  parts  below. 
They  can  still  execute  many  movements  about  as  well  as  before. 
We  have  already  seen  that  there  are  some  animals  which  are  capable 
of  very  complicated  movements  affcer  all  the  parts  above  the  middle 
brain  have  been  removed :  a  pigeon  can  fly  and  a  rabbit  can  run 
about.  In  the  case  of  animals  higher  than  these,  such  actions  are 
not  possible  if  the  basal  ganglia  are  destroyed.  In  the  dog  and  cat, 
for  instance,  if  the  corpora  striata  are  destroyed  there  is  nearly  com- 
plete paralysis  of  movement.  These  animals  cannot  perform  the 
movements  of  locomotion,  cannot  even  hold  their  limbs  in  position, 
if  the  basal  ganglia  are  destroyed.  But  if  the  cerebral  hemispheres 
are  alone  destroyed,  and  the  basal  ganglia  left  to  them,  there  is,  if 
any,  a  very  fleeting  paralysis,  and  the  animals  soon  recover  and  are 
able  to  run  about.  It  is  as  if,  as  we  ascend  from  lower  to  higher 
animals,  we  found  the  power  of  originating  complex  movements 
pitched  higher  and  higher;  and  when  we  ascend  to  animals  higher 
than  the  dog  or  cat,  this  becomes  even  more  obvious.  In  the 
monkey  and  in  man  the  basal  ganglia  are  not  sufficient  to  carry  on 
even  the  movements  of  locomotion.  If  the  cerebral  hemispheres 
have  been  removed  there  is  complete  paralysis :  but  we  shall  have  to 
return  to  this  afterwards. 

It  should  be  remarked  here,  that  every  part  of  the  body  seems 
to  be,  as  it  were,  represented  in  these  basal  ganglia.  That  is  to  say^ 
irritation  of  the  corpus  striatum  gives  rise  to  movements  of  all  parts, 
and  we  appear,  in  this  ganglion,  to  have  centres  which  are  concerned 
in  almost  all  the  various  movements  of  the  body.  These  centres 
are,  as  it  were,  packed  together  in  the  corpus  striatum :  they  are 
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closely  set,  so  that  it  is  not  possible  to  say  this  part  is  concerned 
with  such  and  each  movements,  and  that  other  with  some  different 

But  now,  when  we  come  to  the  cerebral  hemispheres,  \Fe  hsTe  a 
much  greater  differentiation  of  the  centres.  If,  in  the  cor|iua 
striatum  we  have  all  the  movements  of  the  body  represented  in  & 
small  space  and  imperfectly  organised,  we  have  now  in  the  cerebral 
hemis]>heres  these  movements  re- re  presented,  written  lar^e,  occu- 
pying much  more  space,  and  much  more  highly  organised.  The 
cerebral  hemispheres  conaist  of  fibres  of  communication  which 
occupy  the  cent<al  parts,  and  of  ganglionic  parts  which  lie  on  the 


Fig.  5.  Brain  of  the  motikey,  ahewing  by  circles  and  Tigures  the  uervont 
centres  M  determined  by  Ferrier.  The  |inncipkl  of  these  are  — (1)  Leg  and  Awt, 
■a  in  walking  ;  (2),  (3),  (4)  vtnoiu  complex  movementa  of  anna  and  lega,  as  in 
climbing.  Bwimming,  tc;  (5)  movement  of  arm  and  hand  forwards,  as  to  toach 
on  ol>ject ;  |6]  movementa  in  which  the  bicapa  maacle  is  engaged  ;  {')  and  (S) 
certain  movements  of  tbo  month ;  (9)  and  (10)  l'r"and  tongue,  as  in  articnlation ; 
(11)  drawing  back  the  angle  of  the  month;  (1^  movements  of  head,  wiLh 
elevation  of  eyelids  and  dilatation  of  pnpil  (attention) ;  (a),  (6),  (c),  id)  hand 
and  wriat ;  (13)  and  (13')  visbn  ;  (14)  hearing.     [Ferrier.] 

surface.  The  fibres  spring  from  the  basal  ganglia,  and  spread  out 
in  a  radiating  fashion  towards  the  surface,  ending  in  the  gnngliouic 
structure  of  the  sur&ce.  The  fibres  which  spring  from  the  corpus 
xtriatum  or  the  motor  basal  ganglion  pass  to  the  middle  part  of  the 
hemispheres,  and  this  may  be  called  the  motor  part  of  the  cerebral 
hemisphere.  But  the  various  movements  are  here  much  more 
differentiated  than  in  the  corpus  striatum.  This  part  of  our 
subject  is  one  which  has  been  much  developed  within  the  laat  f<?w 
years,  and  munly  at  the  hands  of  two  German  observers,  Fritsch 
and  Hitzig,  and  one  English  (or  rather  Scotch),  David  Ferrier  j 
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hut  nuineroua  confitmatory  obaetvationa  huve  been  made,  and  the 
principal  facts  eeem  now  to  be  put  beyond  doubt. 

If  tbe  Burface  of  the  brain  in  certain  animals  be  irritated  by  an 
electric  current,  movements  of  tbe  opposite  side  of  the  body  are 
produced,  if  the  pmjier  part  is  taken.  And  it  ia  poasible  to  produce 
movements  of  particular  parts  of  the  body,  and  even  particular 
movementa  of -such  parta.  For  instance,  by  acting  on  a  particular 
spot  (marked  5  in  Figa.  5  and  6),  the  animal,  aay  a  monkey,  puts 


Yi^.  6.  Side  view  of  hnmtui  brain  The  circles  and  fignres  are  placed  in 
aaalogons  BitnBtioni  to  Fig.  S,  and  mdicate  centTGa  which  are  pretninably' 
aimilar.     [Farrier.] 

forward  its  band  as  if  to  touch  aomething  in  front  By  acting 
on  another  apot  (marked  9  and  10),  you  produce  movements  of  tlie 
mouth  and  tongue.  Imtation  of  another  (marked  1)  produces 
movements  of  tbe  opposite  leg  and  foot,  such  as  are  concerned  in 
locomotion,  and  ao  on.  In  this  way  it  is  as  if  the  various  separate 
movements  of  the  body  were  represented  in  distinct  localities  of  the 
anriace  of  the  brain.  And  it  ia  also  of  great  importance  that  in  the 
i  animals  the  various  movements  seem  to  be,  as  it  were. 
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closely  bound  up  -with  these  centres  on  the  surface  of  the  brun. 
There  are  cases  in  man  in  which  the  whole  of  this  motor  pari  of  the 
convolutions  has  been  destroyed  on  one  side,  and  complete  and 
permanent  paralysis  of  the  opposite  side  of  the  body  has  resulted. 
In  monkeys,  also,  it  seems  as  if  destruction  of  the  motor  part  of  the 
hemispheres  produced  complete  paralysis  of  motion.  It  is  not  so, 
however,  with  animals  lower  than  these.  In  dogs  there  is  no 
proper  paralysis,  or  only  a  temporary  paralysis,^  if  you  destroy  these 
motor  convolutions;  to  produce  paralysis  you  must  injure  the  eorpus 
striatum. 

It  is  not  to  be  inferred  from  this  that  in  the  higher  animals  the 
corpus  striatum  is  less  highly  endowed  than  in  the  lower  ones,  but 
only  that  it  is  more  directly  subordinate  to  the  higher  centres,  has 
less  of  initiative  in  the  movements  of  the  body.  Or,  if  we  express 
it  otherwise,  supposing  that  the  wiU  is  related  to  the  higher  centres 
on  the  surface,  then  the  lower  centres  are,  in  the  higher  animals, 
more  directly  under  the  control  of  the  will  than  in  those  lower  in 
the  scale,  the  movements  of  these  being  more  automatic,  and  par- 
taking more  of  the  nature  of  reflex  actions. 

The  movements  which  are  produced  by  irritating  the  motor 
centres  on  the  surface  of  the  brain  are,  as  you  may  judge  from  some 
of  the  instances  already  given,  of  a  highly  complex  character,  and 
present  characters  closely  resembling  those  of  voluntary  movements. 
A  dog  may  be  made  to  bark  by  irritating  the  proper  part  of  the 
convolutions.  A  monkey  may  be  made  to  raise  its  arm  as  if  to  put 
something  in  its  mouth,  and  so  on.  The  movements  represented 
in  the  hemispheres  seem  thus  to  be  highly  voluntary  or  purposive 
movements. 

We  have  seen  that  of  the  basal  ganglia  there  is  one  related  to 
motion,  and  one  to  the  reception  of  impressions,  and  we  have 
traced  how  the  former  is,  as  it  were,  re-represented  in  the  convolu- 
tions. It  is  much  more  difficult  to  do  the  same  thing  for  the 
sensory  ganglion,  the  thalamus  opticus;  but  Ferrier's  careful 
labours  have  gone  far  to  prove  that  a  similar  arrangement  exists 
here.  He  has  determined  that  a  certain  part  of  the  brain  is  con- 
cerned in  vision  (marked  13  and  13').  When  it  is  destroyed  on  both 
sides  of  the  brain,  the  animal  is  permanently  blind.  In  a  similar 
way  he  has  determined  a  centre  for  hearing  (14),  for  smell  and 
taste,  and  also  for  touch.  These  observations  are  accompanied  by 
great  difficulties,  and  it  is  very  likely  that  some  of  them  may  need 
correction;  but  it  seems  impossible  to  deny  that  they  give  strong 
presumptive  proof  of  the  differentiation  of  the   centres  for  the 
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various  kinds  of  sensation,  just  as  we  may  regard  it  as  proved  that 
the  various  movements  are  thus  differentiated. 

But  these  two  regions  of  the  brain  do  not  exhaust  the  whole  of 
the  cerebral  hemispheres.  There  are  still  some  parts,  at  the  front 
and  back  of  the  brain,  which  do  not  appear  to  be  related  either 
to  sensation  or  motion.  The  front  parts  se^m,  according  to 
Ferrier,  to  be  concerned  more  directly  with  the  intellectual  and 
reflective  powers,  which  are  closely  related  to  the  faculty  of  atten- 
tion. In  respect  to  these  various  parts  of  the  cerebral  hemispheres^ 
it  still  remains  to  be  said  that  just  as  the  sensory  and  motor  basal 
ganglia,  and  the  corresponding  parts  of  those  lower  down  are  con- 
nected with  each  other  by  communicating  nerve  fibres,  so  are  all 
these  higher  parts  (see  Fig.  4).  But  the  communications  here  are  of 
necessity  much  larger  and  more  complex.  If  the  front  parts  of  the 
brain  are  specially  related  to  the  faculty  of  attention,  then  they, 
doubtless,  will  have  very  wide  communications,  and  will  dominate 
all  the  rest.     But  this  is  matter  of  speculation. 

Of  these  matters  which  we  have  been  latterly  discussing,  the 
facts  of  disease  furnish  us  with  manifold  illustration.  There  are 
diseases  affecting,  it  may  be,  the  motor  parts  of  the  hemispheres 
alone,  and  if  the  disease  destroys  these  parts  it  will  cause  paralysis, 
while,  if  it  irritates  them,  it  will  lead  to  movements,  sometimes 
even  violent  convulsions.  The  disease  may  attack  a  particular 
part  of  the  motor  region,  and  then  we  shall  have  movements  affected 
in  a  distinct  locality,  and  so  on.  But  diseases  may  attack  other 
parts  of  the  convolutions  besides  the  motor.  I  met  with  a  case  the 
other  day  in  which  the  patient  was  subject  to  peculiar  fits,  the  first 
symptom  of  which  was  total  blindness  of  the  left  eye.  As  the 
patient  is  an  engraver,  and  uses  his  left  eye  with  a  lens  before  it, 
he  could  not  mistake  this  symptom.  I  cannot  be  sure,  but  it  is 
probable  that  in  this  case  the  sensory  part  of  the  convolutions  was 
subject  to  some  recurring  affection.  I  met  with  another  case  in 
which  attacks  were  ushered  in  by  a  peculiar  "thought,"  and  here  the 
disease  could  scarcely  fail  to  be  in  some  part  of  the  convolutions. 

But  there  are  also  diseases  which  affect  simultaneously  the  whole 
central  nervous  system,  some  in  which  there  is  an  irritation,  and 
others  in  which  there  is  a  deadening  or  partial  destruction  of  the 
ganglion  cells.  In  the  disease  which  has  caused  so  much  stir  in 
Glasgow  of  late.  Hydrophobia,  I  have  been  able  to  shew  that  both  in 
man  and  in  the  dog  there  are  in  the  brain,  and  also  in  the  spinal 
cord,  evidences  of  a  process  which  could  not  fail  to  cause  the  most 
intense  irritation  of  the  ganglion  cells.     That  such  irritation  exists 
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is  abundantly  manifest  during  life,  for  the  dog  ruslies  from  place  to 
place,  and  conducts  himself  altogether  in  a  frantic  manner,  while  in 
man  the  irritation  of  the  brain  is  such  that  the  patient  is  sometimes 
quite  like  a  maniaa  Another  observer  has  found  evidences  of 
irritation  in  the  brain  in  typhus  fever ;  and  we  may  ascribe  to  this 
the  restless  fidgety  delirium  se  often  seen  in  this  disease.  I  myself 
have  a  vivid  remembrance  of  the  horrible  visions  which  were  graphi- 
cally present  to  me  in  typhus  fever,  different  altogether  from  dreams, 
because  I  knew  that  I  was  awake,  and  could  not  be  persuaded  by  my 
nurse  that  what  I  had  seen  was  not  reality — it  is  ^almost  reality  to 
me  now.  I  have  no  doubt  that  different  parts  of  my  convolutions 
were  being  stirred  up  and  stimulated  in  an  irregular  and  arbitrary 
fashion,  and  that  these  visions  were  the  result. 

Then  there  are  diseases  which  destroy  these  centres  of  the 
nervous  system.  There  is  the  disease  called^  general  paralysis, 
whose  popular  name,  softening  of  the  brain,  is  so  strangely  inaccurate, 
as  the  brain  is  much  harder  in  this  disease  than  normally.  Here 
there  is  a  progressive  loss  of  ganglion  cells,  which  may  begin  at  one 
part,  but  by  and  by  generally  spreads  to  ihe  whole  brain. 

And  now  it  is  time  to-  draw  this  rapid  sketch  towards  a  conclu- 
sion.    We  have  followed  up  the  various  nervous  centres  from  the 
lower  to  the  higher,  till  at  last  we  have  come  to  the  highest^  and 
seem  almost  to  have  touched  on  the  domain  of  mind.     We  have 
seen  reason  to  believe  that  in  ihe  brain  there  are  nervous  centres, 
the  stimulation  of  which  leads,  by  a^pepfectly  automatic  arrangement, 
to  actions  presenting  all  the  external  characters  of  voluntary  acts. 
We  have  seen  that  other  parts  of  the  surface  of  the  brain  are 
intimately  related  to  sight,  hearing,  touch,  &c.,  and  that  all  these 
parts    are   connected  by  a  most   elaborate   and   intricate    set   of 
communicating  fibres.    We  cannot  doubt,  and  here  the  facts  of  disease 
are  of  much  consequence,  that  our  thoughts  and  feelings,  as  well  as 
our  volitions,  are  related  to  these  highly  elaborated  nerve  centres. 
Accidental  irritation  of  the  centres,  we  have  seen,  causes  an  irregular 
and  abnormal  outbreak  of  movements  and  thoughts.     We  thus  see 
that  the  mind  is  supplied  for  us  with  a  most  wonderful  and  finely 
adjusted  organ.     But  it  cannot  be  denied  that  this  brings  us  no 
nearer  the  discovery  of  what  mind  is.     We  can  see  that  in   this 
mechanism  everything  is  elaborated  for  the  reception  of  impressions 
from  the  outer  world,  and  for  reaction  on  the  outer  world;   but 
it  is,  I  venture  to  think,  a  most  serious  mistake  to  suppose  that 
this  solves  the  problem  of  the  nature  of  what  we  call  the  intellectual 
processes,  or  that  it  proves  that  mind  is  simply  ^  function  of  this 


Discussion  on  Dr.  Joseph  Coats'  Paper.  365 

very  complex  organ  the  brain.  I  would  say  with  Hutchison  Stirling 
that  we  should  never  forget  that  there  is  a  science  of  mind  as  well 
as  of  matter.  These  two  sciences  approach  this  subject  from  opposite 
sides,  and  I  am  afraid  it  is  difficult  to  reconcile  their  various 
votaries.  For  one  whose  mind  is  habitually  taken  up  with  the 
physiological  side,  who,  as  a  part  of  his  everyday  thinking,  looks 
upon  every  action  of  man  or  animals  as  a  manifestation  of  the 
working  of  this  finely  adapted  mechanism ;  for  such  an  one  it  is 
difficult  to  believe  that  man  as  a  whole  is  anything  but  a  finely 
adjusted  mechanism.  While  for  one  who  is  conscious  in  himself 
of  thoughts  and  feelings  which  he  recognises  as  having  wide  and 
deep  relations  to  the  eternal  verities,  and  who  makes  a  practice  of 
studying  his  own  intellectual  processes,  it  is  difficult  to  believe  that 
these  have  any  necessary  relation  to  his  bodily  organism.  I  am 
afraid  that  the  dispute  between  these  two  sets  of  students  must  be 
an  interminable  one,  unless  they  both  come  to  see  that  we  are 
creatures  of  imperfect  visicMi,  and  are  scarcely  capable  of  doing 
justice  to  both  sides  of  such  a  large  question  as  is  here  involved. 

Discussion  on  Dr.  Coats'  Paper. 

Dr.  Allen  Thomson  remarked  that  Dr.  Coats  had  laid  before  the 
Society,  in  a  very  condensed  form,  all  the  information  which  recent 
inquiries  had  made  known  upon  the  subject.  Though  he  coincided 
with  the  author  in  his  view  of  the  recent  researches  with  reference 
to  the  surface  parts  of  the  brain,  and  believed  that  he  had  indicated 
the  right  direction  of  the  inquiry,  yet  he  feared  they  were  still  far 
from  an  exact  knowledge  of  the  functions  of  these  parts.  Dr.  Coats, 
perhaps,  had  not  given  sufficient  place  to  the  great  discrepancy 
which  still  existed  among  physiological  inquirers  in  regard  to  the 
experiments,  and  the  very  great  difficulty  that  still  existed  in 
applying  observations  of  a  pathological  kind  to  the  elucidation  of 
the  cerebral  functions.  After  referring  to  recently  published 
experiments  in  which  it  was  found  that  the  removal  of  the  cere- 
bellum did  not  produce  the  abolition  of  the  co-ordination  of  move- 
ments, if  disturbance  of  the  circulation  was  entirely  avoided.  Dr. 
Thomson  said  he  was  much  pleased  with  the  last  part  of  Dr.  Coats' 
paper,  in  which  he  called  their  attention  to  the  relation  subsisting 
between  mental  processes  and  the  operations  of  the  brain.  A  re- 
markable change  had  taken  place  in  the  opinions  of  physiologists, 
and  he  might  say  of  scientific  men  in  general,  on  that  subject  In 
earlier  days  views  like  these  could  not  have  been  stated  without 
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the  risk  of  accusations  of  a  very  serious  kind  against  the  person 
who  ventured  to  utter  them.  It  was  a  delightful  thing  to  think  that 
men  of  science,  as  well  as  others,  were  now  disposed  to  acknowledge 
the  supremacy  of  truth  in  whatever  way  it  could  be  attained.  It 
was  now  very  generally  admitted  that  the  operations  of  the  mind, 
whatever  might  be  their  essential  nature,  were  during  life  indis- 
solubly  connected  with  the  operations  of  the  brain.  In  so  far  as 
he  had  been  able  to  form  an  opinion,  it  seemed  to  him  that  almost 
all  the  processes  of  mind,  either  in  their  first  origin  in  the  child,  or 
in  their  subsequent  progress  through  life,  were  the  result  of  itn- 
pressions  made  upon  the  brain  which  were  derived  from  without. 
But  although  he  had  come  to  the  conviction  that  the  different 
processes  of  the  mind,  however  complicated,  originated  in  that 
way,  it  did  not  alter  his  view  of  the  independent  nature  of  that 
principle,  and  the  dignified  place  which  it  must  always  hold  in 
our  contemplation. 

Dr.  Gairdner  also  expressed  his  concurrence  with  the  remarks 
of  Dr.  Coats,  and  in  the  course  of  his  speech  referred  to  the  sudden 
deaths  which  occasionally  occur,  without  any  obvious  change  corre- 
sponding in  its  character  with  the  nature  of  the  fatal  issue.  It  was 
said  that  generally  these  arose  from  disease  of  the  heart.  That  was 
not  precisely  the  fact;  but  what  was  meant  was  that  along  with 
other  diseased  conditions  of  the  body,  there  was  usually  a  certain 
unsoundness  of  the  heart.  And  he  wished  to  suggest  to  the  Society 
that  it  was  not  enough  to  have  shewn  that  there  was  disease  of  the 
heart  in  those  cases,  as  that  did  not  explain  a  man's  dropping  down 
and  dying  in  a  moment.  It  was  necessary  to  suppose,  in  addition 
to  the  structural  changes  observed  in  such  cases,  some  change  of  a 
much  less  palpable  kind  in  the  innervation  of  the  heart,  so  as  to 
account  for  the  startling  fact,  that  a  man  apparently  strong,  robust, 
active,  or  at  all  events  living,  breathing,  and  walking  about  without 
obvious  inconvenience  up  to  a  particular  hour  of  the  day,  should  in 
the  very  next  moment  drop  down  without  having  made  any  unusual 
exertion,  and  die,  as  the  late  Lord  George  Ben  tin  ck  did,  without 
being  even  able  to  give  any  one  warning  of  his  illness.  We  know 
from  physiology  as  well  as  pathology  that  the  heart's  action,  though 
not  strictly  speaking  dependent  upon  any  nervous  structures  ex- 
ternal to  itself,  is  controlled  and  regulated  by  both  afferent  and 
efferent  nerves  connected  through  the  pneumogastric  with  the 
medulla  oblongata,  and  through  the  sympathetic  system  with  the 
spinal  cord.  Dr.  Coats  exhibited  on  a  diagram  the  control  of  the 
heart's  action  by  galvanism  applied  to  some  of  these  nerves.     Now 
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the  question  is,  what  is  it  precisely  that  happens  to  these  parts  of 
the  nervous  system  in  the  case  of  a  man  dying  suddenly  as  afore- 
said? No  man  could  tell  to  what  extent  medical  practice  might  be 
benefited  and  the  loss  of  life  diminished  By  the  pursuance  of 
inquiries  which  would  answer  that  mysterious  question.  Dr. 
Gairdner  further  referred  to  the  necessity  that  existed  for  experi- 
ments on  animals.  He  was  himself  as  humaneminded  a  man  as 
was  to  be  found,  and  certainly  would  not  justify  any  experiments 
upon  animals  that  could  possibly  be  avoided,  or  could  possibly  be 
dispensed  with,  or  the  cruelty  of  which  could  possibly  be  mitigated. 
But  to  attempt  to  have  put  a  stop  to  that  mode  of  advancing  science 
would  have  been  absolute  ruin  to,  or  at  least  a  want  of  progress  in, 
the  whole  of  that  most  important  and  most  vital  subject  of  which 
Dr.  Coats  had  treated  that  night. 
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XXXV,— Recent  Inquiries  into  the  Early  History  of  Ckemiatry: 
Introdv^ctory    Address    to    the    Chemical  Section.      'By    Johk 

k  Febouson,  Esq.,  M.A.,  Professor  of  Chemistry  in  the  Uni- 
veraitj  of  Glasgow. 


[Heed  Ufore  the  Society,  Nov.  22,  187&} 


It  seems  to  me  that  an  apology  is  due  the  Society  for  addressing 
it  to-night,  for  everything  that  was  open  for  me  to  say  on  the 
progress  of  chemistry  during  the  year  has  been  said.  A  review 
of  scientific  advance  was  given  by  Dr.  Andrews  in  his  address  as 
President  of  the  British  Association,  and  all  the  more  important 
manufactures,  which  have  an  interest  for  Glasgow,  were  reported 
on  in  detail  by  specially  qualified  members  of  this  Society.  I  hope 
that  the  impulse  which  has  been  given  this  autumn  to  recording 
progress  in  the  chemical  arts  may  cause  the  appearance  in  future 
years  of  continuations  of  these  reports  to  be  read  to  the  Society. 

Anticipated,  as  I  have  thus  been,  in  describing  the  advance  in 
general  discovery  and  technical  applications,  I  shall  consider  to- 
night some  recent  inquiries  into  early  chemical  history,  a  subject 
of  which  one  hears  less  than  of  others. 

At  the  conclusion  of  the  remarks  with  which  I  opened  last 
session,*  I  gave  a  rough  classification  of  the  periods  into  which 
the  history  of  chemistry  falls.  The  first  includes  what  we  know 
(«)  of  the  arts  of  the  ancients  involving  chemistry ;  (/3)  of  the  arts 
of  the  Greeks  and  Komans,  with  the  theoretical  views  of  the  former 
— that  is,  the  period  of  classical  antiquity  from  640  b.c.  down  to 
the  second  or  third  century  A.D. ;  and  (y)  of  the  era  of  neopla- 
tonism,  of  scepticism,  and  of  mysticism,  which  prevailed  from  the 
second  to  the  fifth  century.  I  also  remarked  that  it  was  to  this 
tliird  era  that  the  Greek  MSS.  treating  of  "the  sacred  art,* 
found  in  several  European  libraries,  pointed,  and  it  is  to  these 
MSS.  I  purpose  directing  your  attention  for  a  little  at  the  present 
time. 

At  the  beginning  of  his  History  of  Chemistry,  Dr.  Thomson  refers 

*ProeeetUng$qf  the  PhUosophiccU  Society  qfOlasgoWt  vol  x.,  pp.  37,  38. 
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to  this  subject.  *  He  quotes  the  well  known  passages  from  the 
lexicon  of  Suidas,  who  flourished  in  the  eleventh  century,  and  who, 
in  his  explanation  of  the  word  \nfi^f^o,  as  the  preparation  of  silver 
and  gold,  tells  how  the  Emperor  Diocletian  sought  out  and  burned 
the  books  on  the  subject,  to  prevent  the  Egyptians  becoming  rich 
thereby  and  resisting  the  Komans.  The  other  passage  is  under  the 
word  Sipag,  skin,  where  Suidas  explains  that  the  golden  fleece  won 
by  the  Argonauts  through  the  love  of  Medea  for  Jason,  was  not  a 
fleece  of  gold  at  all,  but  a  skin,  on  which  was  written  the  mode  of 
preparing  gold  chemically.  "From  these  two  passages,"  he  pro- 
ceeds, "  there  can  be  no  doubt  that  the  word  chemistry  was  known 
to  the  Greeks  in  the  eleventh  century,  and  that  it  signified  at 
that  time  the  art  of  making  gold  and  silver."  He  mentions  that 
"  though  the  lexicon  of  Suidas  be  the  first  printed  book  in  which 
the  word  Chemistry  occurs,  yet  it  is  said  to  be  found  in  much 
earlier  tracts,  which  still  continue  in  manuscript.  Thus  Scaliger 
informs  us  that  he  perused  a  Greek  manuscript  of  Zosimus,  the 
Panapolite,  written  in  the  fifth  century,  and  deposited  in  the  King 
of  France's  library.  Glaus  Borrichius  mentions  this  manuscript, 
but  in  such  terms  that  it  is  difficult  to  know  whether  he  had  him- 
self read  it,  though  he  seems  to  insinuate  as  much,  t  The  title 
of  this  manuscript  is  said  to  be  '  A  faithful  description  of  the  sacred 
and  divine  art  of  making  gold  and  silver,  by  Zosimus,  the  Pana- 
polite.' In  this  treatise  Zosimus  distinguishes  the  art  by  the  name 
XW^^i  cJiemia.  From  a  passage  in  this  manuscript,  quoted  by 
Scaliger,  and  given  also  by  Glaus  Borrichius,  it  appears  that 
Zosimus  carries  the  antiquity  of  the  art  of  making  gold  and  silver 
much  higher  than  Suidas  has  ventured  to  do."  He  thereupon 
quotes  the  passage  which  narrates  how  the  angels  rewarded  women 
for  their  love,  by  teaching  them  the  operations  of  nature,  and  then 
adds: — 

"Zosimus  is  not  the  only  Greek  writer  on  chemistry.  Glaus 
Borrichius  has  given  us  a  list  of  thirty-eight  treatises,  which  he 
says  exist  in  the  libraries  of  Eome,  Venice,  and  Paris;  and  Dr. 

♦  The  History  of  CJiemistry,  by  Thomas  ThomaoD,  M.D.,  i.  3.  London,  1830. 
The  story  abont  Diocletian  has  got  into  general  history :  it  is  referred  to,  for 
instance,  by  Qibbon,  Dectine  and  Fall,  chap.  xiiL,  who  styles  it  "the  first 
anthentic  event  in  the  history  of  alchemy." 

t  De  Ortu  et  Progresm  Cfiemicey  p.  12.  [Hafbiae,  1668.  Borrichrns'  words 
seem  quite  explicit  ?  Verba  Zonim,  qnse  juzta  mecnm  in  Manuscriptis  Biblioth- 
Reg.  ParisinaB  exstantia  legit,  adeoque  in  notis  ad  Bvudm  Chnmiea  jam  ante 
exprestit  Scaliger,  ita  habent] 
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Shaw  has  increased  this  list  to  eighty-nine.*  But  among  these  we 
find  the  names  of  Hermes,  Isis,  Horus,  Democritus,  Cleopatra, 
Porphyry,  Plato,  &c. — names  which  have  undoubtedly  been  affixed 
to  the  writings  of  comparatively  modem  and  obscure  authors. 
The  style  of  these  authors,  as  Borrichius  informs  us,  is.  barbaroua 
They  are  chiefly  the  production  of  ecclesiastics,  who  lived  between 
the  fifth  and  twelfth  centuries.  In  these  tracts,  the  art  of  which  they 
treat  is  sometimes  called  chemistry  (;(^i)/i£(a),  sometimes  the  chemical 
art  ()^TiuevTtKa),  sometimes  the  Italy  art,  and  the  philosopher's  stone, 

"  It  is  evident  from  this,  that  between  the  fifth  century  and  the 
taking  of  Constantinople  in  the  fifteenth  century,  the  Greeks  believed 
in  the  possibility  of  making  gold  and  silver  artificially,  and  that 
the  art  which  professed  to  teach  these  processes  was  called  by  them 
chemistry. 

"  These  opinions  passed  from  the  Greeks  to  the  Arabians,  when, 
under  the  califs  of  the  family  of  Abassides,  they  began  to  turn 
their  attention  to  science  about  the  beginning  of  the  ninth  century ;" 
.  .  .  .  after  which  the  idea  percolated  by  Spain  into  Western 
Europe. 

In  a  following  paragraph  t  Dr.  Thomson,  referring  to  the  opinions 
respecting  the  origin  of  alchemy,  again  quotes  the  passage  from 
Zosimus  about  the  fallen  angels  or  demons  who  revealed  to  the 
daughters  of  men  the  sublime  art  of  chemistry,  or  the  fabrication  of 
gold  and  silver,  and  adds  : — "  It  is  quite  unnecessary  to  refute  this 
extravagant  opinion,  obviously  founded  on  a  misunderstanding  of 
a  passage  in  the  sixth  chapter  of  Genesis,"  in  which  "  there  is  no 
mention  whatever  of  angels,  or  of  any  information  on  science  com- 
municated by  them  to  mankind." 

This  is  practically  all  that  is  said  on  the  subject  by  the  chief 
British  historian  of  chemistry,  and  it  is  eminently  unsatisfactory. 
It  is  so,  because  the  authors  whom  he  mentions — Borrichius,  Boer- 
haave,  and  especially  Shaw — give  a  very  large  amount  of  informa- 
tion on  the  subject,  which  he  might,  at  least,  have  quoted  more  at 
length,  as  he  was  professedly  writing  history;  because  the  tone  in 
which  the  above  passages  are  written  exhibits  ignorance  of  the  duties 

*  Shaw's  Translation  o/Boerhaave's  Chemistry,  i.  20.  [3rd  Edit  London,  1753.] 
t  History  qf  Chemistry,  i.  8.  London,  1830.  The  story  as  told  by  Zosimus  is 
not  taken  from  Genesis,  but  is  similar  to  that  given  by  Clemens  Romanus,  who 
flourished  in  the  second  or  third  century  A.D.  See  Homilies,  VIII.,  chap,  xi-xiv. 
(English  Translation  in  the  Ante-Nicene  Library,  vol.  xvii,  pp.  142,  143), 
Edinburgh,  1870.  And  compare  also  the  Recognitions  of  Clemens,  Bk.  L,  chap, 
zxix.  (Ante-Kicene  Library,  vol.  iii.,  p.  163),  Edinburgh,  1867* 
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of  an  historian,  indicates  that  the  author  thought  that  historical 
'Conclusions  could  be  arrived  at  bj  a  different  method  from  that 
by  which  conclusions — say,  in  chemistry — could  be  arrived  at,  and 
that  assertions  evidently  unproved,  at  least  by  himself,  could  pass 
current  in  history,  though  they  could  not  pass  current  in  science ; 
because  he  has  applied  no  criticism  to  the  statements  of  his  autho- 
rities, but  allowed  them,  full  of  curious  matter  as  they  are,  to  be 
forgotten;  because,  while  admitting  that  the  MSS.  quoted  by  these 
authorities  date  back  to  the  fifth  century  of  our  era,  and  that 
they  are  likely,  therefore,  to  contain  something,  either  positive  or 
negative,  about  the  state  of  chemi^ry  in  those  -days,  he  has  not 
shewn  any  consciousness  of  this  possibility — has  not  apparently  put 
himself  to  the  trouble  of  discovering  if  anything  more  was  known 
about  them.  In  short,  the  whole  subject  has  been  practically 
ignored  by  Thomson. 

That  there  was  a  great  deal  to  be  ascertained  recent  investigation 
has  shewn. 

Since  Thomson's  history  nothing  has  appeared  on  the  subject  in 
EngKsh,  except  by  Mt.  Rodwell,  in  some  articles  contributed  to 
Naiure,  and  afterwards  reprinted  in  a  single  volume.*  The  author 
has  said  a  little  more  about  the  Greek  MSS.  He  has  also  described 
one  in  the  National  Library  at  Paris  from  personal  inspection ;  but 
his  decision  respecting  them  all  is  adverse  to  their  claims  to  anti- 
quity, to  their  genuineness — that  is,  to  their  being  really  the  work 
of  the  persons  whose  names  they  bear,  and  he  seems  to  think  that 
they  are  not  so  old  as  the.  fourth  or  fifth  century,  but  were  most 
probably  written  subsequent  to  the  origin  of  alchemy,  which  he 
places  in  Arabia,  not  long  prior  to  the  eighth  century. 

The  authority  upon  whom  he  seems  chiefly  to  rely  is  the  French 
chemical  historian.  Dr.  Ferd.  Hoefer.t  Hoefer  certainly  has  the 
merit  of  disentombing  the  Greek  chemical  MSS.  of  the  Paris 
library,  of  describing  them,  and  of  giving  extracts  from  them  both 
in  the  original  and  in  a  French  translation.  He  shewed,  however, 
no  evidence  in  the  first  edition  of  his  history  that  he  knew  there 
were  similar  MSS.  in  existence  elsewhere — that  was  excusable; 

*  The  Birth  of  Chemistry^  London,  1874.  He  does  not  specify  which  of  the 
Paris  MSS.  he  saw.  His  examinaidon  of  the  subject  is  quite  brief ;  he  men- 
tioos  Borrichias  and  Joncker,  in  addition  to  Hoefer,  but  he  does  not  seem 
to  have  noticed  the  extent  and  complexity  of  the  questions  involved,  nor  does  be 
quote  Kopp. 

t  Hisioire  de  la  Chimie,  2  vols.  Paris,  1842-43.  2nd  Edition,  2  vols.,  Paris, 
1866-69. 
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but  after  twenty  years,  the  new  edition  displayed  no  increase  of 
knowledge,  no  proof  of  further  research :  the  author  had  stopped 
short  in  his  inquiry. .  As  a  critic  and  interpreter  he  is  apt  to  be  too 
easy  and  fanciful,  and  his  inferences  hare  sometimes  to  be  toned 
down.  It  must  be  admitted,  however,  that  the  liberality  of  his 
interpretations  arises  from  an  enthusiasm  in  favour  of  the  antiquity 
of  knowledge  of  chemical  facts,  though  these  were  interpreted  very 
differently  from  what  we  do  now.  I  can  understand,  therefore, 
Mr.  BodwelFs  distrust  of  the  subject  as  given  by  Hoefer. 

Three  years   subsequent  to  Hoefer's  second  edition,  and  four 
years,  at  least,  prior  to  Mr.  Rod  well's  essay,  appeared  a  work  by 
Dr.  Kopp  of  Heidelberg,*  which  has  practically  exhausted  the  subject 
up  to  the  present  time.     In  it  he  has  given  a  review  of  the  whole 
literature  of  the  subject;  and  when  I  tell  you  that  it  occupies  upwards 
of  live  hundred  closely  printed  large  octavo  pages,  you  will  be  able 
to  form  a  notion  of  how  much  has  been  written  on  it  in  p»st  times, 
and  how  many  points  for  discussion  are  opened  up,  and  still  have  to 
be  settled.     Moreover,  Dr.  Kopp  does  not  deal  at  all  with  what  the 
MSS.  contain,  but  principally  with  what  is  known  of  their  origin  and 
composition,  the  manner  in  which  they  came  to  Western  Europe, 
their  ago,  the  number  of  tracts  they  severally  contain,  the  nominal 
authors  of  these  tracts,  and  their  agreement  and  discrepancies,  so  far 
as  can  be  gathered  from  tables  of  contents.     He  has  also  discussed 
some  questions  incidental  to  the  main  subject,  such  as  the  origin  of 
the  name  chemistry,  the  earliest  occurrence  of  it,  the  earliest  occur- 
rence of  the  idea  of  transmutation,  or  of  the  art  of  making  gold  and 
silver,  and  the  early  history  of  distillation.     Into  all  these   he  has 
entered  minutely  and  carefully,  but  has  been  very  cautious  in  his 
inferences,  because  acquaintance  with  the  present  state  of  the  inquiry 
only  makes  more  apparent  how  much  has  still  to  be  done  before  we 
are  in  a  position  to  pronounce  with  any  degree  of  confidence  on 
these  antiquarian  matters.     There  is  no  doubt,  however,  that  this 
work  of  Dr.  Kopp's  is  the  most  important  contribution  to  the 
literature  of  the  history  of  chemistry  made  during  many  years.     He 
has  had  the   courage  to  take  up  a  subject  neglected  by  chemical 
historians,  because  despised;  neglected  by  literary  historians,  be- 
cause unintelligible  and  unattractive  to  them,  and  to  examine  it 
with  the  sti*aightforward  purpose  of  finding  what  it  will  yield, 
unbiassed  by  any  feeling  as  to  whether  the  product  would  prove 


^    *  BeUrdge  zur  Oeschichie  der  Chemie^  Braunichweig,   1869.     I  published  a 
short  notice  of  this  work  in  the  Academy,  September,  1870,  L  315. 
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valuiible  or  not.  Thia  is,  indeed,  the  only  way  in  which  auch  a 
topic  could  be  approached ;  for  lo  examine  what  one  presupposes 
to  be  worthless  is  wasteful,  and  may  lead  to  depreciation  of  what 
little  merit  it  may  chance  to  possess  ',  whereas,  to  begin  with  great 
anticipations  of  valuable  results,  is  likely,  when  these  seem  not  to 
be  forthcoming,  to  generate  indifference  to  the  whole  matter.  It  is 
better,  as  Dr.  Kopp  has  done,  to  start  with  the  fact  that  this  is  a 
large  subject,  which  has  never  been  fairly  examined,,  from  which  no 
one  can  tell  what  results  may  be  obtained ;  let  it  be  ascertained, 
therefore,  whether  it'  is  a  reality  or  an  appearance,  and  then  we 
shall  be  able  to  pronounce  as  to  its  value. 

It  is,  of  course,  impossible  for  me  to  give  in  a  short  address  a 
review  of  the  whole  subject ;  but  I  shall  indicate  some  of  the  points, 
and  may  take  another  opportunity  of  entering  more  minutely  into 
some  of  them. 

The  interest  of  the  inquiry  at  present  tiums  upon  the  existence  of 
certain  Greek  manuscripts,  which  profess  to  deal  with  chemical  or 
alchemical  problems  under  various  names.  Among  the  questions 
that  at  once  arise  regarding  them,  there  are  the  following : — How 
many  MSS.  are  there  ?  Are  they  on  the  whole  the  same,  or  are 
their  contents  essentially  different?  Are  they  all  of  the. same  age, 
or  were  they  written  by  different  persons,  at  different  times,  and  at 
different  places  ?  "Whence  did  they  come  to  the  Western  libraries, 
where  they  are  now  preserved  1  What  connection  is  there  between 
them  and  contemporary  or  later  chemical  writings,  and  between 
them  and  earlier  writings,  if  any  exist  ?  These  and  similar  questions 
can  be  answered  only  by  direct  examination  of  the  manuscripts ; 
and  as  this  has  been  done  only  partially  for  a^  few  of  the  manu- 
scripts, our  information  on  some  topics  is  an  absolute  blank,  while 
on  others  what  we  have  is  defective  and  uncertain.  Practically, 
indeed,  the  whole  matter  requires  thorough  investigation. 

The  Greek  manuscripts  which  are  known  are  preserved  in  the 
libraries  enumerated  in  the  following  table.*  The  order  followed  is 
chronological,  so  far  as  dates  could  be  got.  Some  libraries  contain 
more  than  one  MS.     These  are  distinguished  by  numbers. 

List  of  Greek  Chemical  or  Alchemical  MSS. 

Where  Preserred. 
Venice,  St  Marks, 
Paris,  Radulphi,    .... 

,}  ^SHOf  .  .  •  . 

ff  JuJSSaf  ...  I 

*  The  list  is  drawn  up  from  Kopp's  elaborate  desoriptioiia. 


No.  of  TraotB. 

Appareot  Age. 

4a 

S»c.  XT.-XIL 

12 

8 

End  of  S»c.  XIII 

28 

XV. 

374 


Philosophical  Sodtlji  q^  GhugoK, 


Naof  Tracte. 

JLpparanl  Af«. 

19? 

S»cXV. 

24 

i44a 

14 

1467. 

38 

1486. 

8&4 

53 

Eodof  Sec  XV. 

11 

XV.-XVL 

32 

12 

XVI. 

29 

XVL 

^7 

XVI. 

4 

XVL 

45 

XVI. 

46 

XVL 

32 

1564. 

15 

1565. 

34 

lG2a 

15 

10 

17 

When  PreMTred. 
Oxford,  Bodleian,  imperfect, 
Leyden, 
Parii,2275, 
„      2327, 
Wolfenbuttel,  2  copies, 
Florence,     . 
Paris,  2249, 
Montpellier, 
Turin, 
Mnnicli, 
Middlehill, 
Paris,  2326, 
Escurial,  A, 

Vienna,  2  copies, 
Breslan, 

Altenbnrg-Gotha, 
Milan, 
Paris,  2250, 
„      2262, 
Angsburg,   . 
Cologne, 
Cracow, 
Leipzig, 
Weimar, 
Wittenberg, 

This  list  -vfjiich  I  have  just  read  <5oiitain8  thirty  JdSS.,  sappos- 
ing  that  there  is  no  reduplication,..aiid  the  age  of  them  ranges  from 
say  the  twelfth  century  down  to  the  early  years  of  the  seventeenth, 
there  being  ^a  number  for  which  no  dates  are^ven.  Manuscripts 
which  stretch  over  a  period  of  500  years  must  .necessarily  contain 
a  great  number  of  variations.  Every,  one  who  has  compared  even 
different  printed  editions  of  the  same  book  is  aware  of  variations, 
possibly  minute,  but  still  existing,  and  sometimes  of  great  im- 
portance. Much  greater  differences,  of  course,  exist  in  MSS.,  where 
the  personal  error  of  the  transcriber  comes  much  more  into  play 
than  in  printing;  and  every  one  who  has  had  the  curiosity  to 
examine  a  critical  edition,  say  of  Horace  or  Virgil,  or  any  other 
classical  author,  will  soon  be  satisfied  as  to  the  variations  in  words, 
phrases,  spelling,  punctuation  which  the  manuscripts  display. 

What  the  variations  are  in  the  present  instance  are  unknown, 
for  the  text  of  any  one  of  the  manuscripts  has  never  been  printed 
at  all  ]  and,  so  far  as  I  know,  no  two  of  the  manuscripts  have  ever 
been  compared.  That  considerable,  perhaps  important,  divergences 
will  be  found  when  a  collation  is  made,  there  can  be  little  doubt. 
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The  only  comparison  that  bras  jet  been  made  is  that  of  their 
contents,  by  Dr.  Kopp.  The  number  of  tracts  in  each  thus 
determined,  is  given  in  the  above  table.  It  is  impossible  for  me  at 
present  to  give  you  all  the  names  of  the  authors  or  -the  titles  of  the 
tracts,  but  the  following  is  an  enumeration  of  some^^iof  the  more 
important  :— 

List  op  Authors. 


Hermes. 

Agathodiemon. 

lais. 

Joannes. 

Stephanos. 

Moses. 

Maria. 

Democriios. 

Stnesigs. 

ZOSIHOS. 

Kleopatra. 
Komarios. 
Heliodoros. 


Pelagios. 

Olympiodoros. 

Theophrastos. 

HiEROTHEOS. 

Archelaos. 

Anepigraphos. 

Christianos. 

PUto. 

Aristoteles. 

KOSMAS. 
PAPFOa 

Pselloa 
Ostanea. 


Salmanas. 

Horua. 

Sophar. 

DioscoEos. 

Porphyrios. 

Epibechios. 

'Heracliua. 

-Claudianus. 

Sergius. 

Nicephoros  Blemznydas. 

Isaac  Monachus. 

lamblichoa. 


The  following  will  give  a  notion  of  the.  kind  of  titles  which  «eem 
to  occur  most  frequently  in  these  collections. 


Zosimos, 


*» 


ft 


»» 


Heliodoros, 

Theophrastos, 

Hierotheos, 

Archelaos, 

Pelagios,  and 

Ostanea, 

Hierotheos, 


>» 


Anepigraphos, 
Olympiodoros, 


tt 


Of  the  Virtue  and  Composition  of  Waters. 

Of  the  Divine  Water. 

Of  the  Method  of  Confecttng  Gold. 

Of  Chemical  Instruments  and  Fumaoes. 

Of  the  Sacred  Art  of  Chemists. 

Of  the  Sacred  and  Divine  Art. 


Of  the  Sacred  Art 

Of  the  Stone  of  the  Philosophers. 

Of  Gold  Making. 

Of  the  Divine  Water ;  Of  Dealbation,  or  Whitening. 

Of  Gold  Making. 

Of  the  Making  of  Asimos,  and  Hydrarge,  and  Cinnabar. 


The  inference  from  a  comparison  of  these  lists  is,  that  the 
manuscripts  contain  practically  the  same  writings  by  the  same 
authors — if  we  dare  judge  from  mere  titles — and  that  the  chief 
difference  is  in  the  number  of  tracts  the  MSS.  contain,  and  not  in 
the  tracts  themselves. 

The  authors  of  the  tracts  obviously  cannot  be  the  writers  of  the 
MSS. ;  and  if  they  wqre  so  in  the  oldest  MS.,  that  is,  the  Venetian^ 
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the  HSS.  of  subsequent  centuries  must  hare  been  eopied  from  ihst 
or  some  other  eerlier  MS.  by  otherSb  In  a  few  cases  the  M8S.  besr 
the  name  of  the  copjist,  the  date^  and  place  of  writLog  ;  bat  this  ii 
the  exception,  and  for  most  the  date  can  be  ascertained  only  Vj 
the  tests  applicable  to  MS&  in  general,  such  as  handwriting. 

The  fact  of  there  being  copies  of  different  dates  introduoes  anothw 
important  factor.  The  value  of  a  MS.,  £rom  the  historical  or  philo- 
logical point  of  view — that  is,  as  regards  the  purity  and  primitive  form 
of  the  text — is  not  necessarily  identical  with  that  fron^  the  merely 
antiquarian  one  of  age ;  or,  the  oldest  MS.  in  point  of  time  does  not 
necessarily  contain  the  oldest  form  of  the  text,  except  when  the  MS. 
is  actually  the  original.  This  seems  the  case  with  these  Greek  MSS. 
The  oldest  of  all  is  of  the  eleventh  century,  and  it  is  preserved  in 
the  library  of  St.  Mark's  at  Venice.  It  is  of  great  importance,  and 
it  was  described,  its  contents  were  enumerated,  and  a  few  extracts 
from  it  were  printed  in  the  year  1745.*  But  though  the  oldest  and 
also  one  of  the  fullest,  for  it  contains  forty-three  tracts,  it  does  not 
appear  to  contain  the  oldest  form  of  the  text.  This  is  approached 
more  nearly  by  the  Escurial  MS.  B,  containing  forty-six  tracts, 
which  is  of  much  later  date,  having  been  written  in  the  sixteenth 
century.  This  has  been  made  probable  from  the  following  dr- 
cumstance : — In  both  of  these  MSS.,  as  in  some  others,  there  is 
contained  a  catalogue  of  Greek  chemical  writers  which  does  not 
always  correspond  with  the  contents  of  the  MSS.,  either  in  the 
order  or  actual  number  and  description'of  the  separate  tracts.  It 
so  happens,  however,  that  while  the  older  Venetian  MS.,  which 
contains  this  list,  in  its  actual  contents  differs  from  it,  the  later 
Escurial  MS.  corresponds  with  it  very  closely.  It  would  appear 
that  there  had  been  an  original  form,  or  at  least  an  older  one  than 
any  now  known  to  exist,  of  which  this  catalogue  is  probably  the 
index,  and  of  which  the  best  representative  is  the  comparatively 
recent  Escurial  MS.  B.t 

You  can  well  understand,  however,  that  an  elaborate  comparison 
of  these  two  MSS.  would  be  required  before  it  could  be  said  what 
connection,  if  any,  exists  between  them,  and  what  clue  there  may 
be  to  the  discovery  of  their  true  authorship  and  previous  history. 

*  Palladii  de  Febribtu  Concisa  Synopsis  Qr<Ece  et  Latme  cum  Notts  Jo,  Stepk. 
Bernard,  Accedunt  Olossct  ChemicoB  et  Excerpta  ex  Poetis  Chemicis  ex  Codies 
MS.  BibUotK  D,  Marci,  Lugd.  Bat,  1745.  Some  account  of  the  Greek 
chemists  is  given,  and  reference  made  to  the  St.  Mark's  MS.,  un  belUssimo  codice^ 
by  Giovanni  Andrea  DelV  origine,  progressi  e  state  attuale  di  ogni  LeUeraULrtL^ 
voL  v.,  p.  205-213,  Roma*  1813. 

t  Kopp,  Beiirdge,  pp.  325,  331,  Brannschweig,  1869. 
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Experience  baa  shewn  me  how  unexpeetedlj  information  turns  up 
in  out-of-the-waj  quarters,  which  enables  one  to  settle  without 
hesitation  important  facts  or  dates,  and  to  demolish  a  whole 
superstructure  of  hypotheses  founded  with  apparent  stability  on  an 
assumed  fact,  which  no  one  is  prepared  to  call  in  question.  For 
my  own  part,  I  believe  that  very  interesting  information  might  be 
gained  by  a  collation  of  these  MSS.,  and  until  this  be  done,  opinions 
about  them  are — opinions.  What  has  been  accomplished  in  this 
direction  hitherto  is  but  small,  when  one  remembers  the  labour, 
talent,  and  genius  which  have  been  lavished  for  centuries  upon  the 
ancient  classical  authors,  and  which  is  lavishing  as  copiously  as 
ever,  and,  though  to  a  much  smaller  extent,  upon  many  later  and 
less  interesting  and  important  writers.  It  is  singular,  however, 
that  of  all  the  scholars  of  the  past  who  have  caused  the  printing  of 
piles  of  unread  Greek  and  Latin,  not  one  has  attempted  to  print 
even  respectable  extracts  from  one  of  the  collections.  Promises  of 
editions  were  made,*  and  fervent  wishes  for  such  were  expressed 
by  older  scholars,  but  the  former  were  never  fulfilled,  and  the  latter 
never  gratified,  and  at  most  passages  of  a  few  pages  have  been 
reproduced. 

The  oldest  printed  collection,  by  Pizimenti,  appeared  in  1573. 
It  contained  writings  of  Democritus,  Synesius,  Pelagius,  Stephanus, 
and  Michael  Psellus,  but  they  were  not  in  the  Greek,  but  in  a  Latin 
translation.  Notliing  more  was  done  till  Fabricius  printed  in  his 
great  work  t  i^ot  only  a  collection  of  literary  and  bibliographical 
notices  of  the  MSS.,  but  also  the  text  of  writings  of  Heliodoros  and 
of  Synesios.  In  1745,  as  I  have  already  mentioned,  extracts  from  the 
St.  Mark's  MS.  were  given  by  Jo.  Steph.  Bernard.  They  consist 
of  passages  in  verse  by  the  authors  Theophrastos,  Hierotheos, 
Archelaos,  Heliodoros,  Christianos,  treating  of  yjpvvoiroua,  but 
the  chief  article  is  a  Ai^iKOv  Kara  aroi\uov  t5c  XpvaoTTOuaq — 
that  is,  an  Alphabetical  Catalogue  of  Goldmaking, — which  occupies 
twenty-eight  pages.  In  1777,  Gruner  edited  the  first  Actio  of 
Stephanos,  with  a  Latin  translation,  from  the  Gotha  and  Breslau 
MSS.;  and  in  1807,  the  chemical  vow  or  oath-^Zncft^,  Chriatiani  et 
Pappi  philosaphi  juajurandttm  diemicum — from  the  same  MSS.  At 
the  end  of  last  and  beginning  of  this  century,  a  work  on  the  Paris 
MSS.  was  begun  by  Ameilhon,  and  extracts  from  it  were  published 

*  Leo  Allatina,  the  librarian  of  the  Vatican,  spoke  in  1634  of  an  edition  of 
the  Greek  alchemists,  bat  it  never  appeared. 

f  FabriciiiB,  Bibliotheca  Orcecdy  Hamburg,  1718-28,  and  edited  by  Harles, 
Hamburg,  1790-1809. 
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from  time  to  time ;  but  be  died  in  1811,  and  notbing  more  was  done. 
Next  in  order  of  time  comes  Ideler,  wbo,  in  bis  edition  of  Minor 
Greek  Physiciane  and  Physicists,  Berlin,  1841-42,  includes  tracts  bj 
Stepbanos,  Tbeopbrastos,  Hierotbeos,  and  Arcbelaos,  but  witbout 
indicating  tbe  MS.  or  MSS.  be  bad  consulted.  Lastlj,  Hoefer,  in 
1842-43,  gave  a  few  passages  from  tbe  Paris  MS&  by  Zosimos  and 
Olympiodoros,  and  tbe  Epistle  of  Isis,  and  to  tbese  be  added,  in 
1866,  Greek  extracts  "  On  tbe  Alcbemy  of  tbe  EgyptiMis,"  ^  On 
Symbols,*'  ''  On  tbe  Opinions  of  tbe  Ancient  Pbilosopbers  respecting 
tbe  Principle  of  Tbings,"  and  ''Hermetic  Verses"  [bjr  Jobn  of 
Damascus  (])].  Tbese  extracts,  bowever,  form  a  mere  drop  in  tbe 
bucket,  compared  witb  tbe  wbole. 

Tbe  manuscripts  and  tbe  autbors  are  mentioned  by  several 
writers  besides  tbose  already  quoted.  Tbe  earliest  alliiaiozi  to  tbem 
by  a  Western  alcbemist,  according  to  Kopp,*  is  in  a  TreatiM  om 
Gold  by  Pico  della  Mirandola,  tbe  nepbew,  wbo  died  in.  155  J.t  He 
merely  quotes  tbe  following  as  cbemical  autbors : — Hostanes, 
Hermes,  Democritus,  Psellus,  Oiympiodorus,  Heliodoros,  Stephanus, 
Synesius,  Tbeopbilus,  and  Zosimus — all  of  wbom  are  more  or  less  pro- 
minent in  tbe  manuscripts.  Tbe  older  Western  alcbemists,  sucb  as 
Albertus  Magnus,  Roger  Bacon,  Arnold  of  Yillanoya,  and  Baymond 
Lully  (all  of  wbom  flourisbed  in  tbe  tbirteentb  and  fourteenth  cen- 

•  BeUrugn,  p.  321. 

t  Thia  tract  is  ogntained  in  Maoget's  BibHotheca  Chemica  Curiosa^  G^msw^ 
17U2,  vol.  it,  p.  563.  In  the  list  of  chemical  writers  given  in  Xazazi^a  11 
Mf.iamor/od  MetcUUco  ei  Humane^  Brescia,  1564»  foL  25-27,  the  njunea  resem- 
bling those  of  the  Greek  MSS.  are — Hermes,  Democritus  medicoa,  AgadimoB 
(?  Aj^thodsemoD),  Astanus  (?Ostanes),  Michael  Fsellius,  Joannes  Damaaconaa, 
Archelaij  Tarba,  Theophilus,  Maria.  The  following  remarks  on  the  subject  by 
Gratarolus,  which,  so  Deir  as  I  remember,  are  not  given  by  Kopp,  may  be  added 
here,  as  shewing  that  these  MSS.  were  well  known  in  the  sixteenth  century. 
He  refers  to  the  alchemic  interpretation  of  the  story  of  Jason,  to  the  burning  of 
the  books  by  Diocletian,  and  the  Greek  derivations  of  the  name.  Among  ths 
writers  on  the  subject  he  has  the  following : — Blemidas,  ^rt^l  x^'oxmim^,  liber 
GnecuB,  manoscriptus  in  regia  Gallia)  bibliotheca.  Isaac  monachus  acripait 
d^yv^w  fitifcZoM  ...  in  regia  Galliie  bibliotheca,  manoscriptnay  Grtec^ 
Zosimus  author  Graecus  asseroatur  in  bibliotheca  Regia :  scripait  de  Sacra  arta, 
de  Compositione  aquarum  ad  >:^v90«-m/«»,  de  instrumentis  Jb  caminis.  Sunt  & 
alij  huius  artis  pneceptores,  ut  Christian  us,  Heliodoms,  Theophrastus*  Aiebe- 
laus,  Pelagius,  Ostanes,  Oiympiodorus,  Democritus,  Dioscunis,  Synesina,  & 
Stephanus,  cuius  est  liber  de  Magna  Jk  sacra  scientia.  Onmes  hi  Graci  aab 
nominibus  antiquis,  mihi  tamen  recentes  uidentur.  Verto  AlchenUoB  .  .  . 
Docirina,  Basileas,  I56I.  Prolegomena  per  G.  Gratarolum.  Hia  last 
interesting. 
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turiea),  and  others  who  gave  lists  partly  scriptural,  partly  mythologi- 
cal, partly  real,  do  not  exhibit  any  knowledge  of  the  Greek  writers. 
This  was  to  be  expected.  Roger  Bacon  and  his  contemporary,  Robert 
Orossteste,  were  almost  the  only  men  of  their  time  who  knew  Greek  ; 
indeed,  till  the  capture  of  Constantinople  in  the  fifteenth  century 
by  the  Turks,  when  many  Greeks  fled  to  Italy  and  Germany  and 
France,  bringing  their  language  and  literature  with  them,  both 
were  practically  unknown  in  the  West.*  The  European  alchemists 
had,  as  it  appears,  obtained  the  principles  of  their  art  from  the 
Arabic  schools  in  Spain ;  and  thus,  while  they  never  mention  the 
Greeks,  they  are  constantly  alluding  to  Geber,  Avicenna,  Rhazes,  and 
other  Arabians.  But  after  the  sixteenth  century,  notices  of  these 
MSS.  appear  in  various  works,  as  in  literary  histories,  and  especially 
in  library  catalogues.  None  of  the  great  collections  of  alchemical 
writings — Manget*s  Bihlioifieca,  Zetzner's  TheaPrum  Chemicum,  the 
Museum  Ilermeticum,  &c. — contain  treatises  which,  so  far  as  I  know, 
have  been  identified  with  any  of  the  Greek. 

Among  the  descriptions  may  be  mentioned  that  of  Reinesius,  who 
states  very  clearly  his  opinion  that  tlie  treatises  were  composed  in 
Alexandria,  brought  to  Constantinople,  where  they  took  form,  and 
then  were  carried  to  the  West  by  the  Christian  exiles.  Reinesius, 
however,  deals  only  with  the  Altenburg-Gotha  MS.  A  MS.  collec- 
tion was  also  known  to  Gesner,  and  one  belonged  to  the  famous 
Dr.  John  Dee,  the  physician  of  Queen  Elizabeth.  At  a  later  date, 
Borrichius  enumerates  the  MSS.  in  the  Vatican,  at  Paris,  Venice, 
Munich,  and  Cologne.t  Morhof  also  devotes  a  good  deal  of  space 
to  the  question,  and  quotes  Reinesius,  Gesner,  Dee,  and  Borrichius.  J 
Fabricius  adds  those  of  Milan,  the  Escurial,  Venice,  Breslau,  Gotha, 
and  Wolfenbiittel ;  and  Reuvens  §  mentions  some  of  these,  and  adds 
Leyden.  When  it  is  remembered  that  the  works  of  all  these  authors 
(except  Reuvens),  and  of  many  others  besides,  were  printed  long 
prior  to  Dr.  Thomas  Thomson's  history,  it  will  be  seen  that  he 
ignored  the  matter  entirely.] 


*  According  to  Warton,  Greek  was  well  known  to  the  Saxon  scholars.  History 
of  English  Poetry,  vol.  L,  p.  cvl,  London,  1840. 

t  Borrichius,  Htrmeiia^  jEgypUorum  et  Chemicorum  SapientiOf  p.  79,  Hafnie, 
1674. 

t  Morhof,  Polyhistor,  pp.  100-112,  Lubecae,  1714. 

$  C.  J.  C.  Reuvens,  Letires  a  M,  Letronne  .  .  •  sur  les  Papyrts  bilingues 
H  Orecs,  .  .  ,  du  Mus^e  .  •  •  <2e  T  UniversiU  de  Ltide,  Leide,  1830. 
Troisi^me  Lettre. 

II  Dr.  Thomson  has  the  followin;^  note  to  Suidas  in  his  History,  p.  3  : — "  The 
word  xn^tim  is  said  to  occur  in  several  Greek  mannscripts  of  a  much  earlier  date 
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Nothing  has  yet  been  said  of  the  previous  history  of  these  collec- 
tions. By  whom  were  they  made,  at  what  time,  and  where  ?  These 
are  naturally  the  last  questions  which  can  be  answered.  XJnlen 
some  of  the  MSS.  themselves  contain  distinct  indicationa  of  their 
authorship  and  date,  the  answers  will  be  got  only  by  sustained 
critical  examination  and  a  comparison  with  other  literature  of  their 
supposed  time.  The  indication  at  present  is,  that  we  have  none  of 
the  first  MSS.,  but  only  copies  of  greater  or  less  value,  which  point 
to  previous  collections,  either  now  destroyed  or  hidden  in  libraries 
where  their  very  existence  is  unknown.  The  only  indication  of  a 
compiler  is  in  certain  verses  found  in  the  Venice  and  £scurial  B. 
copies,  which  have  been  printed  by  Steph.  Bemardus.  It  is  there 
said  that  the  'loftily  endowed  understanding  and  the  renowned 
spiritual  gifts  of  an  inspired  Theodoros  combined  and  arranged 
in  this  book  the  strange  collection  of  all  wise  thoughts.''  Who 
Theodoros  was  is  entirely  unknown;  and  no  other  compiler  is 
mentioned.  As  to  the  time  at  which  the  collections  were  made, 
Fabricius  was  of  opinion  that  they  are  subsequent  to  the  reign  of 
the  Emperor  Heraklius,  who  reigned  between  610  and  641.  The 
separate  treatises  may  have  been  composed  before  that  time,  and 
the  collections  made  at  any  time  prior  to  the  eleventh  century. 
There  is  nothing  but  ignorance  on  these  points  at  present. 

It  is  different  when  we  inquire  as  to  the  scribes  of  particular 
MSS.  In  some  the  names  are  given,  for  instance — the  Paris  Codex, 
2275,  was  written  in  U67,  by  Manuel  Rosati;  No.  3178  (a  MS. 
apparently  lost  now,  but  described  by  Montfaucon),  in  Crete,  in 
1478,  by  Theodoros  Pelecanos,  who  was  apparently  a  professional 
scribe*;  and  No.  2327  was  copied  apparently  by  the  same.  A  Greek 
scribe,  Cornelius  of  Nauplia,  living  in  Venice  between   1560  and 

[than  SaidaSy  who  flourished  in  the  eleventh  centary].  But  of  thiB,  as  I  hare 
never  had  an  opportunity  of  seeing  them,  I  cannot  pretend  to  judge.  So  much 
Action  has  been  introduced  into  the  history  of  alchemy,  and  so  many  ancient 
names  have  been  treacherously  dragged  into  the  service,  that  we  may  be  allowed 
to  hesitate,  when  no  evidence  is  presented  sufficient  to  satisfy  a  reasonable  man.  ** 
In  the  first  part  of  this  note  Thomson  declines  to  judge  of  a  matter  of  fact  upon 
which  he  could  have  acquired  more  knowledge  had  he  referred  to  the  older 
authorities.  The  second  part  of  the  note  has  no  connection  with  the  first. 
That  a  word  is  found  in  writings  of  a  particular  date  is  quite  distinct  from  the 
question  whether  or  not  these  belong  to  their  reputed  authors.  But,  apparently, 
as  a  plea  for  not  investigating  the  matter  of  faic%  he  advances  what  could  be 
ascertained  only  after  thorough  examination  of  the  whole  subject,  what  has 
not  yet  been  ascertained,  what,  therefore,  he  did  not  know  positively,  but  was 
merely  his  opinion.  Had  he  been  reasonable  enough  to  coUect  and  weigh  tha 
evidence,  it'ezistad  ahnoit  in  as  great  measure  in  1830  as  at  the  present  time. 
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1570,*  wrote  the  two  Vienna  MSS.,  and  that  at  Breslan.  These 
are  quite  recent;  and  if,  as  is  possible,  they  are  merely  transcrip- 
tions of  some  of  the  older  existing  MS3.,  they  can  be  only  of  very 
slight  critical  Talue«  Their  value,  of  course,  would  be  raised  if  they 
are  obviously  independent  of  any  of  the  other  copies.  In  any  case, 
the  possible  distinction  must  never  be  forgotten  between  the  actual 
author,  whoever  he  may  have  been,  whether  the  same  as,  or,  as  is 
most  probable,  different  from  the  ancient  Greek  whose  name  he 
bore,  the  compiler  of  the  collection,  and  the  transcriber  of  a  par- 
ticular copy. 

As  was  to  be  expected  the  worth  of  these  MSS.  has  been  very 
variously  estimated.     Beinesius  threw  doubt  upon  their  age  and 
authenticity — that  is,  he  did  not  believe  that  the  treatises  were  the 
production  of  the  ancient  more  famous  men  whose  names  were 
attached  to  them.t    While  I  do  not  mean  to  say  that  the  treatises 
are  not  supposititious,  it  is  also  possible  to  believe  that  the  authors 
of  some  of  them,  at  any  rate,  may  have  had  the  misfortune  to  have 
lawfully  borne  the  names  they  are  known  by.     Olaus  Borrichius, 
again,  attached  very  great  importance  to  them,  because  he  saw  in 
them  distinct  proofs  of  the  great  antiquity  of  the  Hermetic  Art,  and 
he  went  the  length  of  lamenting  that  so  much  time  and  labour  had 
been  spent  on  Martial  and  Petronius,  while  these  MSS.  were  left 
to  decay  without  attention.    He  was  as  bitterly  opposed  by  Conring, 
who  attacked  the  supposed  antiquity  of  Hermes  and  the  Hermetic 
science.     Both  sides  of  this  discussion  seem  to  be  beside  the  subject ; 
for,  as  in  most  such,  the  debate  has  turned  less  on  what  m,  than  on 
what  has  been  said,  or  haw  it  has  been  said.     It  may  turn  out,  after 
properly  conducted  inquiry,  that  Hermes  Trismegistus  was  a  real 
person,  and  the  Emerald  Table  genuine,  recondite,  and  rare,  or  that 
they  are  both  trumpery  inventions  of  the  Middle  Ages ;  but  there 
is  little  use  in  discussing  opinions  so  long  as  defined  DEtcts  are 
wanting. 

Among  modem  critics,  Hoefer,  as  I  have  already  said,  is  inclined 
to  set  considerable  value  upon  them,  and  to  ascribe  to  the  authors 
knowledge  of  chemical  phenomena.  Kopp,  again,  confesses  that 
he  has  found  less  chemistry  in  them  than  he  anticipated ;  but  he 
also  admits  that  this  may  be  due  to  the  phraseology  employed, 
which,  he  says,  is  often  quite  unintelligible  to  him. 

*  Shaw's  Boerhaave^B  U'ew  Method  qf  Chemidry^  voL  i,  p.  20,  London^ 
1753. 
t  Morho^  Po^yAwtor,  p.  101»  Lobeon^  nii. 
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Mr.  Rodwell  also  sets  small  value  upon  them,  and  sama  up  Lis 
views  as  follows  •  : — 

"  We  have  endeavoured  to  prove  («)  that  no  reliable  date  can  be 
assigned  to  existing  Greek  MSS.  on  alchemy,   and    (/3)  that  the 
accepted  date  is  too  early.     Even  if  we  could  prove  that  a  man 
named  Zosimus,  living  in  the  fourth    century,  wrote    treatises  on 
alchemy,  we  could  not  use  the  existing  MSS.  for  any  exact  pur- 
pose connected  with  the  history  of  science  with  safety  ;  for  since 
we  have  no  such  MS.  earlier  than  the  tenth  or  eleventh  century,  it 
would  be  quite  impossible  to  determine  whether  additions  had  been 
made   during  transcription,  f     The  facts  are  simply  these  : — there 
exist  in  various  parts  of  the  world  Greek  MSS.  on  alchemy,  none  of 
which  are  older  than  the  tenth  century.  J     Many  of  these  bear  the 
names   of  mythical   personages   of  Egyptian  mythology,   some  of 
ancient  Greek  philosophers,  some  of  people  who  are  supposed  to 
have  lived  in  the  fourth  or  fifth  century  a.d.     When  we  remember 
that   no  ancient  writer  makes  mention  of  alchemy  or  chemistry, 
that  the  word  \rifiela  is  first  used  in  the  eleventh  century,  §  and  when 
we  farther  bear  in  mind  the  condition  of  the  intellecual  world  in  the 
fourth  and  fifth  centuries,  we  think  we  may  well  admit  that  further 
evidence  is  necessary  before  we  can  assert  that  alchemy  arose  in  the 
fourth  century.     Indeed,  we  are  of  opinion  that,  in  spite  of  all  that 
has  been  written  on  the  subject,  there  is  no  good  evidence  to  prove 
that  alchemy  and  chemistry  did  not  originate  in  Arabia  not  long 
prior  to  the  eighth  century  A.i>." 

Fully  to  consider  all  the  positions  in  this  quotation,  and  merely 
to  propose  the  doubts  and  questions  which  occur,  would  carry  me 
beyond  the  limits  of  this  address,  and  would,  I  fear,  prove  uninter- 
esting to  you.     It  would,  in  fact,  involve  the  repetition  in  detail  of 

•  BiHh  qf  Chemistry,  p.  72.     London,  1874 

t  The  author,  I  think,  has  gone  rather  too  far  here.  The  criticican  which 
has  been  employed  to  such  good  purpose  on  the  ancient  classic  authors,  Horace^ 
Virgil,  Sophocles,  &&,  &c.,  the  oldest  MSS.  of  whose  works  are  long  subsequent 
to  the  dates  at  which  they  each  lived,  would  he  equally  successful  if  aj^ed 
to  the  text  of  the  writings  ascrihed  to  Zosimus  and  the  rest.  Whether  they 
would  he  worth  so  much  attention  is  a  different  question.    But  see  postscript. 

X  Eleventh  century.     See  list  of  MSS.  ahove,  p.  373. 

§  The  word  chemia,  whatever  it  means,  is  met  with  in  the  *^  Mathesis"  of  JoL 
Matemus  Firmicus,  who  flourished  in  the  fourth  century.  With  respect  to  the 
date  of  the  origin  of  the  Greek  MSS.,  the  following  remark  of  Kopp,  which  is 
almost  stated  as  a  thesis,  may  he  quoted  :~**  It  seems  prohahle  to  me  .  *  .  that 
they  (the  MSS.),  in  part  at  least,  owe  their  origin  to  the  first  centuries  of  our 
epoch"  {BeUr&ge,  p.  103-105).  This  is  an  opinion,  or  inference  merely,  it  it 
true,  hut  no  one  has  shewn  greater  claims  to  have  an  opinion  than  Kopp. 
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much  of  Kopp*s  criticism,  to  which  the  author  just  quoted  has  not 
made  any  reference. 

Allowing,  however,  that  alchemy  began  in  Arabia  about  the  eighth 
century,  there  would  still  have  to  be  considered  the  origin  of  these 
Greek  writings.  No  similarity,  so-  far  as  I  know,  has  yet  been 
traced  between  them.  Whence,  then,  did  the  Greeks  derive  their 
notions?  Supposing  a  similarity  were  to  be  traced,  the  question 
would  be,  which  borrowed  from  the  other,  or  did  both  borrow  from 
a  common  source,  say  Egyptian,  or  Indian,  or,  as  was  recently 
re-advanced  by  Dr.  Gladstone,*  from  China  1  In  reply  to  the  first, 
we  know  that  in  all  other  cases  the  Arabs  borrowed  from  the 
Greeks — philosophy,  especially  mechanical  and  physical,  and  medi- 
cine. It  would  certainly  be  most  unexpected  if  the  Greeks  borrowed 
their  alchemy  from  the  Arabs. t  If,  on  the  other  hand,  both 
borrowed  from  a  common  source,  alchemy  cannot  be  said  to  have 
originated  in  Arabia.  In  any  case,  the  eighth  century  seems  too 
modem.  The  works  of  Geber,  if  what  we  have-  are  the  genuine 
productions  of  a  man  who  flourished  in  the  eighth'  century,  shew  too 
great  knowledge — a^too  confirmed  and  condensed  reasoning  for  the 
subject  treated  of  to  have  been  of  recent  growth ;  and  the  author 
speaks  of  the  ancients,  a  term  he  would  hardly  have  applied  to 
those  who  had  cultivated  an  art  which  had  begun- fifty  or  even  one 
hundred  years- before  his  time.  We  are  not  in  the  habit  of  calling 
Priestley  and  Lavoisier,  or  even  Boyle  or  Lord  Bacon,  ancients. 

In  any  case  the  ocmnection  between  the  Greek  and  Arabic  writings 
would  have  to 'be  made  out — if  there  be  any.  Kopp*  seems  to  have 
no  doubt  that  alchemy,  if  ever  pursued  in  Egypt,  was  brought  to 
Europe  not  by  the  Byzantine  Greeks,  but  by  way  of  Spain  through 
the  Arabs;  and  this  certainly  agrees- with  all  we  know  of  the 
events  of  the  Saracen  invasions  and  conquests.^ 

♦  "The  Birth  of  Alchemy."  Argonaut,  No.  25  for  January,  1876,  pp.  1-6. 
I  say  re-advanced,  for  the  Chinese  have  been  credited  with  a  knowledge  of 
chemistry  for  a  very  long  time.  Borrichios  was  of  opinion  that  it  was  carried 
•  to  them  by  the  expeditions  of  Sesostris,  or  prior  to  these,  and  adds:  "  Unde  & 
Chinenses  plnrimis  ante  Constantinom  Magnum  secnlis  arte  Chemic&  inclaruere, 
ut  ex  Martinii  Histor,  Chin,  liqvidnm  est  Hoangtius,  inqyit,  m  magna  urbe 
Pvhtang  in  Chemicis  laboravU  MMD.  annis  ante  Christum,  qvanqvam  &  hoc 
paold  liberaliiis.'*    Jl€rmeli8...8apientia,  p.  90,  HAfhis,  1674. 

t  See  on  the  indebtedness  ef  the  Arabs  to  the  Greeks  fbr  their  learning, 
Warton*s  History  of  English  Poetry,  vol.  L,  p.  xci.,  London  1840.  In  a  note  to 
this  passage  reference  is  made  to  Reinesios'  "  very  cnrions  account  of  the 
Mantueript  Collection  of  Greek  Chemists  in  the  library  of  Saxe-Qotha,'*  one  of 
the  few  allusions  in  English  to  the  MSS.  known  to  me. 

X  BeitrOge,  p.  316. 

Vol.  X— No.  2.  2  c 
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Altogether,  I  think  we  are  very  far  off  at  present  from  a  settlement 
of  most  of  these  questions,  and  it  is  correct  to  suspend  our  opinion 
until  some  precise  data  are  before  us.  The  work  to  be  done  is 
laborious  and  unremunerative.  The  oldest  and  best  MSS.  should 
be  ascertained  and  compared,  and  as  complete  a  text  as  possible 
obtained,  the  date  settled,  and  the  contents,  scientific  and  historical, 
sifted.  These  results  have  next  to  be  compared  with  known  Latin 
and  Arabic  authors — for  whom  a  similar  previous  criticism  would 
probably  be  indispensable — to  detect  similarities  and  difTerences. 
Then  we  might  be  able  to  speak  to  the  value  of  the  treatises. 

The  practical  outcome  would  be  to  ascertain  the  origin,  the  pro- 
gress and  significance  of  that  singular  idea  of  transmutation  which 
dominated  for,  say,  ten  or  twelve  centuries  over  all  Europe,  and  com- 
pelled men  to  make  for  it  the  strangest  sacrifices,  even  of  life,  to  run 
great  risks,  and  undergo  the  endless  labour  of  ever  frustrated  hopes 
to  realise  it.  I  do  not  think  we  have  yet  got  at  the  true  meaning 
of  the  idea.  It  has  been  the  habit  to  view  it  as  the  outgrowth  of  a 
superficial  physical  observation;  this  may  have  been  the  barest 
rudimentary  form  of  the  idea,  but  it  soon  became  interwoven  with 
astrology  and  astronomy,  with  symbols  and  mysticism,  possibly 
with  some  forms  of  religion.  But  though  we  fedled  in  getting  at 
the  origin  of  the  idea,  we  might  gain  incidentally  knowledge  of 
physical  and  chemical  facts  and  theories  then  observed  and 
treasured.  "  The  subject/'  says  a  writer  in  the  Quarterly  Review 
for  1821,  *'  is  curious  in  itself,  even  if  it  should  not  tend  to  the 
explanation  of  the  kindred  signs  of  the  Egyptians;  and  no  attempt 
to  illustrate  the  wrecks  of  the  physical  knowledge  of  antiquity  can 
be  without  utility."  *  Kopp,  too,  says  that  however  foolish  the 
contents  of  the  MSS.  may  be,  it  is  absurd  to  pass  them  by  without 
something  being  done  to  ascertain  their  historical  significancat  I 
would  say  that  if  the  history  of  alchemy,  as  the  predecessor  of 
chemistry,  has  to  be  examined,  so  long  as  these  MSS.  are  unem- 
ployed the  history  must  be  incomplete.  Eeuvens  is  probably  oor- 
recft  when  he  affirms,  that  after  all  that  has  been  done  the  history 
of  early  chemistry  is  still  to  be  written.  J  We  do  not  know  how 
the  idea  originated,  we  do  not  know  what  aspect  it  presented  to 
those  who  cultivated  it,  we  do  not  know  who  strenuously  adhered 
to  it,  and  who  merely  talked  about  it  and  wrote  about  it.     The 

*  Quarterly  Review^  voL  zzvL,  p.  195.    Londoo,  1822. 
t  BeUrdge,  p.  255. 

X  Reuvens'  LeUrea  d  Jf.  Letronne,    .     .    .    Leide^  1830,  Troisi^me  Lettn^ 
p.  69. 
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language  employed  by  the  writers  is  exceedingly  obscure;  but  it  has 
seemed  to  me  that  if  we  could  get  at  the  central  point — unless  there 
be  several,  if  you  will  excuse  such  a  statement — the  interpretation 
of  the  obscure  language  would  be  simple.  The  difficulty  now  is  to 
get  at  the  idea  through  the  language.  At  the  centre  we  should  be 
able  to  trace  the  ramifications  of  the  idea  to  the  remote  outskirts ; 
but  at  the  outskirts  as  we  are,  we  are  away  from  the  centre,  and 
can  trace  hardly  any  connection  with  other  parts  of  the  circle  of  old 
chemical  views. 

From  what  has  been  done  within  the  last  year  or  two,  there  are 
indications  that  the  physical  and  medical  knowledge  of  the  early 
periods  of  our  era  are  attracting  attention,  and  are  worthy  of  it. 
This  last  year  extracts  from  Arabic  authors  on  physical  questions 
have  been  printed.  From  these  it  is  obvious  that  the  Arabs  in  the 
twelfth  century  were  able  to  determine  the  specific  gravity  of 
different  bodies  with  equal  accuracy  with  ourselves,  and  there  are 
indications  of  chemical  knowledge  in  these  extracts  also.* 

In  his  edition  of  the  Arabic  work  Fihrist,  FlUgel  alludes  to  the 
connection  between  the  Greek  MSS.  and  the  Arabians,  and  says  that 
Egypt  is  confessedly  the  home  of  alchemy — the  black  art — whose 
name  Kem  is  of  the  same  descent  as  chemistry,  and  points  out 
coincidences  in  the  names  of  the  Greek  authors  with  those  in 
Oriental  writings,  f 

These  are  indications  of  interest  being  taken  by  philologers  in  the 
early  history  of  physical  and  chemical  science.  The  most  interest- 
ing notice  of  all,  however,  is  that  of  a  papyrus  in  the  library  at 
Ley  den,  which  was  described  by  M.  Heavens  in  the  work  already 
quoted  above.^  As  this  subject  has  not  been  mentioned  in  any 
English  work,  so  far  as  I  know,  I  shall  abstract  M.  Reuvens' 
account. 

The  papyrus  is  0*3  metre  long  by  0*18  metre  broad — that  is,  a 
small  folio.  It  contains  ten  sheets  folded  in  two  and  stitched,  thus 
forming  twenty  leaves,  eight  of  which  are  written  upon.  These 
sixteen  pages  contain  forty-five  lines  each,  in  a  beautiful  and  legible 

•  Quarterly  Journal  qf  Science,  No.  IIL,  October,  1876^  pp.  494-617. 

t  KUab-al-FUiriat,  Leipzig,  1872,  2er  Band,  pp.  186-196.  This  connection  of 
the  name  of  the  science  with  that  of  the  country  was  stated  by  J.  Chartier  in  his 
work.  La  Science  du  Phmb  Saeri  dee  Sages,  ou  de  VAnHmoine,  .  .  .  Paris, 
1651,  p.  6.  See  Kopi),  Bmtrdge,  p.  70,  who  has  given  various  opinions  as  to 
this  derivatbn,  but  has  not  quoted  any  allusion  to  it  so  early  as  this  of  Charfcier's. 

X  Reuvens'  Lettree  h  M.  Letronne,  .  .  .  Leide,  1830,  Troisi^me  Lettre, 
Art  xi,  Papyrus  66^  p.  69,  sqq. 
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uncial  character.     From  the  shape  of  the  characters,  it  belongs  to 
the  time  of  the  Constantines,  or  a  little  later   (third    or  fonrtk 
century  A.D.).       It   contains    no   contractions,    except    some    for 
weights  and  measures.    This  curious  book  came  from  Thebes.    It  is 
not  bound,  but  it  is  protected  by  the  two  outer  leaves,  which  are 
left  blank.     M.  EeuTens  gives  the  contents,  from  which  it  seems 
to  be  occupied  to  a  great  extent  with  metallurgic  chemistry  and 
other  technical  matters.     We  meet  with  such  phrases  as  ^vao9 
SoKifiaaia   (assay  of  gold),  apyvpov    SoKifiaaia   (assay    of  silver), 
apyvpov    KaOap<riQ  (purification   of  silver),   Kaatrirtpov    KaOapm^ 
(purification  of  tin),  virptDv  (nitre  ?),  Ktvva^apii  (cinnabar),  KaSfum 
(calamine),  vSpapyvpOQ  (quicksilver),  inc.,  &c,  words  and  phrases 
met  with  in  the  Greek  MSS.  already  spoken  of.     Keuvens  adds, 
"  So  far  as  I  am  able  to  judge,  I  believe  that  the  history  of  alchemy, 
starting   from  the  birth  of  this  art,  which  goes  back  to  the  first 
century  of  our  era,  and  drawn  from  original  sources,  is  a  study 
entirely  to  be  done.     It  would  exhibit  the  picture  of  one  of  the 
most  curious  aberrations  of  the  human  mind,  and  would  doubtless 
furnish  useful  data  for  philology  and  the  study  of  antiquity.     It  is 
known  that  all  antiquity  from  the  first  authors  who  have  mentioned 
chemistry,  have  regarded   Egypt  as  the  cradle  of  all  knowledge 
referring  to  this  art.    One  might  even  affirm,  with  M.  Champollion,* 
that  the  primitive  name  of  the  country  Chem,  preserved  by  the 
Arabs,  who  have  also  retained  a  crowd  of  the  original  names  of 
Egyptian  towns,  is  the  true  etymology  of  the  word    chemistry, 
about  which  scholars  hare  at  all  times  been  at  variance.     I  presume 
that  these  small  treatises  on  alchemy  never  have  been  published, 
because  of  the  mystery  with  which  the  alchemists  have  always 
surrounded  their  science.    There  are,  indeed,  supposititious  writings 
under  the  name   of  Hermes  Trismegistus,   Aristotle,   and   other 
personages  famous  in  history,  or  quite  fictitious ;  but  these  are  in 
Latin,  and  are  probably  translations  from  the  Greek  or  Arabic; 
for  the  Arabs  were  not  less  occupied  with  this  vain  science  than 
the  Greeks  of  the  Lower  Empire.     But  the  great  mass  of  ancient 
Greek   writings   of  this  kind   were   made   into  a  collection,  and 
imported  into  Europe,  so  far  as  one  knows,  at  the  fall  of  the  Eastern 
Empire.     They  have  not  been  edited."     He  then  enumerates  some 
of  the  libraries  in  which  these  MSS.  are  contained,  and  refers 
to  previous  use  he  had  made  of  some  passages  when  attempting 
to  elucidate  certain  papyri  on  magic  rites.     "  As  to  the  papyrus 

♦  L'Egypte  sous  Us  Pharaoru,  voL  I,  p.  110,  not  2. 
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No.  66,"  he  continues,  "  the  chemical  processes  it  contains  seem  to 
have  related  to  certain  arts  and  manufactures.  But  it  is  very  likely 
that  it  also  contains  the  first  attempts  of  the  adepts  in  the  great 
work.  The  word  ^^vaoiroua  (gold  making),  is  not  in  it,  but  the 
phrase  natifiav  7roiij<T£c*  [t^©  making  of  the  unmarked — \pv<ro^ 
aatifiog,  uncoined  gold]  does  occur,  and  is  one  of  the  formulae 
frequently  met  with  in  the  later  Greek  MSS.  Tt  means  the 
confection  of  silvery  whicli  alchemically  should  precede  gold.  Perhaps 
they  viewed  gold  as  the  quintessence  of  silver.  The  word  XiVKwtriQ, 
bleaching  or  whitening,  is  probably  also  connected  with  the  same 
idea.^  Keuvens  judges — but  admits  that  he  has  no  chemical 
knowledge — from  comparison,  that  this  word  whitening  is  the 
same  as  calcination  or  oxidation  :  the  ailchemisrts  detected  a  mystic 
relation  between  the  colours  white  and  red  of  the  different  metals 
{rubeus  or  yellow,  ^av0oc>  ^avOoicrfc)  and  the  formation  of  gold  and 
silver.t 

This  papyrus  has  been  designated  by  Kopp  the  oldest  chemical 
MS.,  its  date  being  not  later  than  400  a.d.,  and  possibly  as  early  as 
200  A.D.  From  Reuvens,  Kopp  gives  a  pretty  full  description  of  it, 
points  out  the  possibility  of  its  titles,  such  as  \a\KOv  XtvKwtriQ, 
XoXkov  "xpvcro^avov^  7ro(i}<7fCy  ^bc,  denoting  that  these  changes  are 
viewed  from  the  alchemical  and  not  from  the  technical  side,  and  the 
similarity  of  the  titles  to  those  in  the  later  MSS.  In  this  papyrus 
there  seems  to  be  rather  a  collection  of  short  receipts  or  extracts 
from  various  sources,  than  a  consecutive  treatise,  so  that  even  in 
it,  old  as  it  is,  the  primitive  form  may  not  be  given.  As  yet  no 
edition  of  this  most  important  MS.  for  the  history  of  chemistry  has 
appeared.  The  papyri  of  the  Leyden  library  are  gradually  pub- 
lishing, so  that  this  one  also  may  appear  in  due  time.  It  would  be 
very  interesting,  however,  to  have  a  transcription  now,  and  then 
we  could  better  afford  to  wait  for  what  is  of  course  the  most 
valuable  thing — a  fieic-simile. 

Though  apparently  the  oldest  known  writing  on  chemistry  at 
present,  it  is  not  impossible  that  others  of  greater  antiquity  may 
still  be  found.  The  discovery  by  Dr.  Ebers  of  a  papyrus  of  the 
sixteenth  century  B.C.,  which  had  been  taken  from  a  mummy  case, 
raises  the  hope  that  something  similar,  bearing  on  chemistry,  may 
also  yet  be  found.  This  papyrus  deals  with  medicine,  and  is 
entitled  "  The  Hermetic  Book  of  Medicines  of  the  Ancient  Egyp- 

*  'A9nft9(  IB  tUver,    Dncange,  Oloss,  €hr,  v.  «ni^/ir,  etc.  (Reavens). 
t  Some  of  Benvenft'  explapationt  I  do  not  altogether  agree  with. 
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liAiib/'    It  was  printed  in  ffur-simile.  fcz.i 
\iiiiinicB  fulifj,  iL  ]  '•"ri.  at  L^ijizi^.     TLe  %z^  ■::  i-  =-r^i_5  -z. 
uud  if  tlii&  Ik-  corn-cn,  it  was  writt-en  prl:r  :■;■  -Ir  r:L>_-. 
jKrufliK-h.     ]t  ujijiftarfc  to  lie  one  of  tLe  Hrmt:::  c« :•:£.=  :  i. 
ui<*iiti<)ii<*(l  l»v  (.'lemc-uji  Alf:X&ndrii:T:5    -X  a.1.  .  %z   :i-     ■ 
iir  Tli'iiii.  wild  is  the  same  as  iL*   Hrrr^rs  Triiz^-ij-.-- _ 
GnM-hs.  is  ujcLtioned  in  iL     Of  course.  :iii  HrrT::-=<  —:•--_ 
vJio  inKtrurifd  the  E^'A'jjtians  in  tbe  aris  ani  «•?:-?:.  :-t=.  .:_ 
n-llpnii.  aiid  is  the  Hermes  to  whom  all  tie  iI:Lti:Lii:r 
iJif  (•riicli*  cif  their  science. 

Jf  iu  this  treatise  "we  reailr  Lave  a  Hercrtic  ■srrk.  .:   . 
iJjose  hyi»<it]ieses-demo]i.sLing  fac:s  to  tie  exisT-r-i-T      : 
alluded  alxivc.     There  is  no  use  in  ar^uin^  agair.?":  \l  t  -  r  ■ 
Jleniics  and  the  extent  of  his  knowledge,  if  tLIs  i-^-  i  -  ■  :.- 
duction,  as  old  as  Moses,  in  which  Hermes  is  ditLi:  :  i  -  !       7 
jMniitH  on  which  Egyptologists  alone  are  en:::lc-i  :.  \"'t..  ■: 
only  ho[K;  that,  from  this  and  other  siniilar  -a-riTiiLr-   .:'  -  . 
Korno  definite  settlement  ma  v  be  arrived  ai  -:f  t;.-  !   .-,- 
datfj  of  the  origin  of  alchemy,  and  to  tLa:  eii^i.:  . :"  . !  - 

What  I  have  now  said  is  a  verv  mearrr  si: -:-:'_     :   -. 
Ktato  of  the  qiK'stion.     I  r€-ffret  tlat  ii  tie  i-r::.i:  :       I 
boon  able  to  give  you  the  rero^ts  cf  nv  rwi.  •: ::.':. -..z    - 
Uh!  Lfiydeu  jiapyrus  or  of  or-e  of  "if  ^SS..     I   :  .:   : 
bo<'n  uninteresting  to  see  tlr  dirt'r:l.i,f  iz.  Trl.:."-    r 
nhip   is  working   its  way  ii.:..'  i^  iz-i^ . -zJix  v:     .   - 
viNion  of  a  dream  to  mtn  like  r-:rr.;ii::;k  vi-  .s:  i  .1    _    - 
WAH  stronger  than  tLejrxf*  -icy  .-;-;.!■£  -ui-ri    :.*;^j  . 
th«Mu ;  and  the  n-sul:.j  sizw  !.▼  -.liSiJ:   ij:i    ::  =  . 
dit^'uiatise  on  a  suV'^":.  3*.i^r-r  l.i-.-i   i.TJij...:  ■ 
when  Me  d'>  tiv«   k:_.v  v:.*.";   3*,j.t   ":«    i-i.i-.:^  ■.  .    ... 
ii»*w>jjaper  \.T  Crx:  w-r^rk  *  t.i:_-i,k.. 

rv.'.'iArk  by  K.rr'    Bi-ACT'ur.  v.  J.;    li-.t '  j^:  i  : 

.Vi  »;«j  ?ihi.*  •'■tl-iM  it  'iio  -vritin^  of  Zo^iraos.  -i' 
J'<i.l(r/M;j7i  :hki  ^rLr.i>jQ  iii  follows  iu  hift  «vha|il<*r   . 
"^i\nit:ui.iy   niiteworUiy  that    ZosimuSy   tht. 
•  •.i.iiir  -if  die  hyacinth  of  the  an<^<n(fc|n,tiiirt: 
i  iiMK/ij/,  t<i  be  th(*  sumo  or  aiiiulii^-r!,'    •  -^Hlnb  ti-  - 
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he  adds :  "  As  to  the  manuscripts  of  Zosimus,  who  is  commonly 
called  Panapolita,  see  Fabricii  BibL  Orasca^  toI.  yL,  pp.  612,  613 ; 
and  YoL  xii.,  pp.  748,  761.  May  I  live  to  see  the  publication  of 
them  !  They  will  certainly  throw  much  light  on  the  history  of  the 
arts.  ...  It  is  remarkable  that  Zosimus  calls  indigo-dyers 
Xaxdyral  and  tvSdcojSa^oi,  in  order,  perhaps,  to  distinguish  them 
from  the  dyers  with  woad.  The  distinction,  therefore,  between 
indigo-dyers  and  those  who  dyed  with  woad  must  be  very  old." 
He  further  says,  in  reference  to  the  confusion  between  Indicwn 
and  Indicum  nigrwrn,  indigo  and  Indian  ink :  ''  I  should  consider 
of  far  greater  importance  the  opinion  of  the  chemist  Zosimus ;  but 
unfortunately  his  writings  have  not  yet  been  printed.  The  period 
in  which  he  lived  is  still  uncertain,  and  it  is  still  less  known  whether 
all  the  chemical  manuscripts  which  bear  that  name  were  written 
by  the  same  author."  BeytHige  vu/r  Geschichte  der  Erfindungen^ 
Bd.  iv.,  pp.  504-506.  Leipzig,  1799;  History  of  Inventions,  vol.  iL, 
p.  269  (English  Translation,  4th  Ed.),  Lond.  1846;  in  which,  how- 
ever, portions  of  the  original  have  been  omitted,  a  not  unusual 
thing  in  this  translation. 
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not  lie  in  the  middle  line,  but  inclined  to  the  right  -side.  In  proof 
of  the  correctness  of  this  view,  J  shewed,  what  is  also  very  easy  of 
demonstration,  that  the  inclination  of  the^entre  of ;  gravity  to  the 
right  gives  a  mechanical  advantage  to  the  muscles  of  »the  right 
side  of  the  body,  while  it  is  unfavourable  to  the  action .  of  those 
upon  the  left  side.  But  I  judged  hastily  when  I  inferred  that  this 
is  the  ground  of  preference  which  prompts  the  great  majority  of 
mankind  to  use  their  right  limbs  rather  than  their  left.  The  posi- 
tion of  the  centre  of  gravity  on  the  right  side  is  common  to  all 
men  of  normal  conformation,  and  furnishes  to  all. of  them  alike  an 
adequate  motive,  when  they  are  about  to  put  forth  their  full 
strength  in  the  performance  of  certain  actions,  to  use  the  limbs  of 
the  right  side  in  preference  to  those  of  the  left.  But  such  actions 
are  of  comparatively  rare  occurrence,  and  the  theory  fails  to  explain 
why  the  right  limbs,  and  more  espeoiaJly'  the  right  hand,  are  preferred 
on  so  many  occasions  where  no  great  muscular  effort  is  required ;  and 
fails  still  more  signally  to  explain  why -some  men  give  a  preference  to 
the  limbs  of  the  left  side,  and  others  manifest  no  predilection  for 
either.  It  is  nevertheless  true  that  the  position  of  the  centre  of 
gravity  is  the  pivot  on  which  turn  the  whole  mechanical .  relations 
of  the  two  sides  of  the  body,  and  that  in  all  men  of  normal  con- 
formation it  inclines  to  the  right,  and  gives  to  the  .muscles  of  that 
side  a  mechanical  advantage  over  those  of  the  left  side.  But  there 
is  another  element  in  the  problem  of  iK>t  less  importance,  but  which 
I  overlooked.  The  centre  of  gravity  situated  on  the  right  side  is 
variously  placed  upwards  or  downwards,  according  to  the  original 
make  or  framework  of  the  body.  In  the  great  majority  of  man- 
kind it  lies  above  the  transverse  axis  of  the  body,  and  enables  them 
to  balance  themselves  best,  and  to  .turn  most  easily .  and  securely, 
on  the  left  foot,  objects  which  they  effect  by  the  impulsive  power  of 
the  muscles  of  the  right  lower  limb.  They  thus  become  right-footed, 
and  thereafter,  by  a  necessary  consequence,  as  will  be  shewn 
below,  they  become  also  right-handed.  In  other  cases  much  less 
numerous,  the  centre  of  gravity  of  the  body  fells  below  the  transverse 
axis;  and  the  whole  mechanical  conditions  above  mentioned  are 
then  reversed,  and  the  individuals  so  constituted  tend  physically 
to  become  left-footed,  and  thereafter  left-handed.  Last  of  all,  in  cer- 
tain cases,  of  which  it  is  not  easy  to  estimate  the  number,  the 
centre  of  gravity  occupies  an  intermediate  position,  lying  at  the 
level  of  the  transverse  axis,  and  the  body  rests  with  equal  security 
and  revolves  with  a  like  facility  on  either  foot.  In  such  cases, 
therefore,  there  is  no  tendency  to  prefer  the  muscles  of  either  side, 
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because  there  is  no  mechanioal  adrantcLge  in  so  doing,  whether 
pertaining  to  facility  of  execution  or  to  security  of  equilibrium. 

It  will  be  thus  seen  that  I  regard  the  whole  question  of  the 
mechanical  relations  of  the  two  sides  of  the  body  as  one  of  Physical 
Mechanics.  It  is  for  this  reason  that  I  have  deemed  it  best  to 
employ  the  language  and  modes  of  reasoning  which  hare  from  time 
immemorial  been  consecrated  to  the  pure  sciences,  as  best  adapted 
to  the  expression  and  demonstration  of  abstract  truth,  and  have 
ventured  to  reintroduce  definitions  and  theorems  into  the  science 
of  physiology,*  in  which  they  were  at  one  time  so  fJEimiliary  but 
from  which  they  have  been  banished  for  upwards  of  an  hundred 
years. 

Definitions  and  Explanations^ 

1.  Mesial  Pkme. — The  Mesial  Plane  is  that  which  divides  the 
spine  and  the  whole  body  into  two  symmetrical  parts. 

2.  Centre  of  Body. — The  Centre  of  the  Body  lies  in  the  mesial 
plane,  at  the  point  where  the  centre  of  gravity  would  be  situated 
in  the  erect  body,  if  it  were  perfectly  symmetrical  and  of  uniform 
density  throughout. 

3.  Longitudinal  Amsof  Body,  — The  Longitudinal  Axis  of  the  body 
runs  from  head  to  foot  in  the  mesial  plane,  and  passes  through  the 
centre  of  the  body. 

4.  Transverse  Axis. — The  Transverse  Axis  of  the  body  runs  from 
side  to  side  through  the  centre,  and  at  right  angles  to  the  longi- 
tudinal axis. 

5.  The  Three  Plantar  Axes. — The  Plantar  Axes  of  the  body  are 
so  named  from  referring  to  the  body  as  it  rests  on  the  "  plante,** 
or  soles  of  the  feet.  They  are  the  Biplantar  Axis,  where  the  body 
rests  on  both  soles ;  and  the  two  XJniplantar  Axes,  or  simply  the 
right  and  left  plantar  axis,  where  it  rests  on  one  sole  only. 

All  the  three  plantar  axes  coincide  with  the  plumb-line  let  fall 
from  the  true  centre  of  gravity  of  the  body,  for  the  time  being,  on 
the  basis  on  which  it  rests;  which  for  the  biplantar  axis  is  the 
space  under  and  between  the  soles  of  the  two  feet,  and  for  the 
right  and  the  left  uniplantar  axis  the  space  under  the  sole  of  the 
corresponding  foot. 

*  When  a  man  on  the  borders  of  'foursoore  undertakes  to  perform  a  task 

which  he  learned,  and  in  so  far  as  the  mlei  of  art  are  concerned,  could  have 

performed  better  at  fifteen,  he  cannot  bnt  feel  his  need  of  indulgence  for  the 

mstineas  of  his  armour,  as  well  as  for  his  awkwardness  in  wielding  it,  the  result 

of  long  desuetude. 
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€.  BiflamUtr  and   Vniplamiar  AUiimdeti — ^It   is   Knnedmes 
TcnicDi  to  emploT  these  terms  to  denote  the  attixndes  in  wiu^  t^ 
bodj  rests  on  the  bases  sbove  descnbed  reipectiT^j. 

7.  RdaUve  Fondon  cf  tie  Ixmgitmdiwd,  emd  tkt  Three  Fliwnim 
Aree. — It  vill  be  seen  from  wlist  is  stated  below,  tbaX  "wheat  thit 
bod  J  is  erect  and  maintained  in  a  strictlj  srmmetzical  pomafm 
with,  ihe  longitudinal  axis  £dling  upon  tbe  middle  of  the  hmsas  of 
support,  the  biplantar  axis,  coinciding  vitb  the  pliunb-Hne  froiB  t^ 
eentiie  of  graritj,  is  parallel  to  tlie  longitudinal  axis,  and  £d]s 
fajtber  to  the  right  npon  the  base  (Tig.  1 ) ;  and  that  in 
oUier  point  the  biplantar  axis  &lls  npon  the  base,  the 
axis  is  no  longer  straight  and  TerticaL  bat  inc^iaed  at  an  angle  to 
the  biplantar  axis,  which  continues  rerticaL 

But  these  ralataons,  howerer  important  in  reference  to  tiie 
theory  of  the  morements  and  attitudes  of  the  body,  are  forsgn 
to  our  present  sabject,  which  is  conoemed  only  with  tbe  ax^nlar 
position  of  the  longitudinal  to  the  two  UTiiplantar  axes. 

EiMth  tiTiiplantar  axis  intersects  the  longitudinal  axis,  and  is 
dixided  at  tiie  point  of  intersection  into  two  pares,  one  lying  on  tke 
right  ode  of  tlie  body  and  tbe  other  on  the  lefL  The  rdbstzre 
angular  podtion  of  fliese  three  axes,  which  Taiies  as  th^  axv  sioiv 
or  leas  dirergent,  wiQ  be  best  und^stood  by  soppoang  (as  repre- 
sented in  Fig.  1)  the  longitudinal  axis  to  be  ^vertical,  and  the  two 
^ynipWTitmy  axes  obliqne — although  this  is  quite  the  rererse  of  what 
in  realitr  occurs ;  for  whenever  the  body  rests  on  either  fool,  the 
corresponding  uniplantar  axis  is  Tertical,  and  is  intersected  by  the 
other  two  axes  running  obliquely. 

8.  Xwmenme  Ctanbrte  of  Gravity  cf  Livmg  OrpamiMmu. — ^For  ereaj 
mass  of  inanimate?  matter  there  is,  and  can  only  be,  one  point 
entitled  to  receire  the  name  of  ^'  the  centre  of  graTity,*"  being  the 
point  occupied  by  the  resultant  of  the  forces  of  all  the  gratilatii^ 
particles  contained  in  the  mass ;  and  as  these  partides  nerer  chaise 
their  relatiTe  positions,  their  fiHces  must  always  be  oonoemtrsted 
at  the  same  pcunt. 

It  is  quite  otherwise  with  ''liTing  organisms*  possessing  the 
power  of  i^Kintaneous  moTement,  whether  effected  by  means  of 
articulations  internal  or  external,  or  by  the  mere  flexibilitj  of 
tissues,  not  to  speak  of  gradual  increase  and  diminution  of  mass  from 
ahsorption  and  excretion,  or  the  m(»e  rapid  j^ooeses  of  ingestion 
and  eracoation.  For  all  such  organisms  during  life  there  are 
innumerable  centimes  of  gravity,  or  pcHuts  within,  more  rsrdj 
without^  the  organism  at  which,  fior  a  certain  period  of  tisM^  the 
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gravitating  forces  are  concentrated.  Erery  one  of  these  points 
corresponds  to  a  certain  attitude,  wliicli,  by  yirtne  of  its  moving 
powers,  the  organism  is  capable  of  assuming,  and  continues  to  be 
the  true  centre  of  gravity  of  the  body  so  long  as  that  attitude  is 
maintained ;  that  is,  till  the  moving  tissues  or  plastic  processes 
establish  a  new  centre  of  equilibrium  at  some  other  point  of  the 
gravitating  system. 

The  lecturer  illustrated  these  statements  by  means  of  a  flexible 
cylindrical  tube  (an  elastic  catheter),  which  he  compared  to  a 
worm,  a  serpent,  or  an  eel — of  all  of  which,  when  straight,  the 
centre  of  gravity  is  in  the  middle  point  longitudinally  and  trans- 
versely;  but  as  they  are  bent  to  one  side,  the  centre  of  gravity  shifts 
towards  the  concave  side,  and,  leaving  the  body,  proceeds  outwards 
as  the  incurvation  proceeds,  till  it  reaches  the  centre  of  the  circle 
ultimately  formed  by  the  two  ends  of  those  cylindrical  bodies 
coming  into  contact. 

9.  The  so-called  Centre  of  Gravity  of  the  Suman  Body, — Consider- 
ing the  complicated  motory  apparatus  of  the  human  body,  and  the 
innumerable  attitudes  which  it  is  capable  of  assuming,  and  that  for 
every  one  of  those  attitudes  there  is  a  distinct  centre  of  gravity 
which  belongs  to  it,  and  can  belong  to  none  other,  it  will  naturally 
be  asked  where  the  point  is,  to  which  physicians  and  physiologists 
alike  give  the  name  of  **  the  Centre  of  Gravity  of  the  Human  Body," 
and  to  what  bodily  attitude  it  corresponds?    They  all  agree  in 
speaking  of  this  centre  as  being  fixed  and  invariable,  just  as  they 
do  of  the  centre  of  gravity  of  a  mass  of  inanimate  matter.     The 
reason  is  plain.     It  was  upon  a  mass  of  inanimate  matter — upon  a 
dead  body — ^that  Borelli  first  determined  the  position  of  the  centre 
of  gravity.     But  it  is  equally  plain  that  this  central  point  can 
correspond  only  to  a  single  attitude,  and  that  it  is  fixed  and 
invariable  only  because  the  body  has  lost  all  power  of  spontaneous 
movement,  and  remains  permanently  in  the  attitude  in  which  it 
has  been  composed  to  rest.     In  a  strictly  physical  sense,  therefore, 
this  so-called  centre  of  gravity  of  the  human  body  has  no  more 
title  to  be  specially  so-called  than  innumerable  other  points  corre- 
sponding to  other  attitudes.     It  has  the  further  disadvantage  of 
corresponding  to  an  attitude  very  unusual  during  life,  and  which 
many  people  cannot  contemplate  without  shuddering,  as  not  being 
the  attitude  of  a  living  man. 

There  are,  however,  good  reasons  for  making  no  change,  or  at 
least  as  little  change  as  possible,  upon  the  time-honoured  mode  of 
speaking  introduced  into  physiology  by  the  founder  of  Animal 
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uncial  character.  From  the  shape  of  the  characters,  it  belongs  to 
the  time  of  the  Constantines,  or  a  little  later  (third  or  fourth 
century  A.D.).  It  contains  no  contractions,  except  some  for 
weights  and  measures.  This  curious  book  came  from  Thebes.  It  is 
not  bound,  but  it  is  protected  by  the  two  outer  leaves,  which  are 
left  blank.  M.  EeuTens  gives  the  contents,  from  which  it  seems 
to  be  occupied  to  a  great  extent  with  metallurgic  chemistry  and 
other  technical  matters.  We  meet  with  such  phrases  as  \pvtTOv 
SoKifiama  (assay  of  gold),  apyvpov  SoKifiama  (assay  of  silver), 
apyvpov  KaBapdiQ  (purification  of  silver),  Karrmr^pov  KaOapai^ 
(purification  of  tin),  virpwv  (nitre  ?),  Kivva^apu  (cinnabar),  icaS/ica 
(calamine),  vSpapyvpo^  (quicksilver),  &c.,  &c.,  words  and  phrases 
met  with  in  the  Greek  MSS.  already  spoken  of.  Reuvens  adds, 
"  So  far  as  I  am  able  to  judge,  I  believe  that  the  history  of  alchemy, 
starting  from  the  birth  of  this  art,  which  goes  back  to  the  first 
century  of  our  era,  and  drawn  from  original  sources,  is  a  study 
entirely  to  be  done.  It  would  exhibit  the  picture  of  one  of  the 
most  curious  aberrations  of  the  human  mind,  and  would  doubtless 
furnish  useful  data  for  philology  and  the  study  of  antiquity.  It  is 
known  that  all  antiquity  from  the  first  authors  who  have  mentioned 
chemistry,  have  regarded  Egypt  as  the  cradle  of  all  knowledge 
referring  to  this  art.  One  might  even  affirm,  with  M.  Champollion,* 
that  the  primitive  name  of  the  country  Chem,  preserved  by  the 
Arabs,  who  have  also  retained  a  crowd  of  the  original  names  of 
Egyptian  towns,  is  the  true  etymology  of  the  word  chemistry, 
about  which  scholars  have  at  all  times  been  at  variance.  I  presume 
that  these  small  treatises  on  alchemy  never  have  been  published, 
because  of  the  mystery  with  which  the  alchemists  have  always 
surrounded  their  science.  There  are,  indeed,  supposititious  writings 
under  the  name  of  Hermes  Trismegistus,  Aristotle,  and  other 
personages  famous  in  history,  or  quite  fictitious ;  but  these  are  in 
Latin,  and  are  probably  translations  from  the  Greek  or  Arabic ; 
for  the  Arabs  were  not  less  occupied  with  this  vain  science  than 
the  Greeks  of  the  Lower  Empire.  But  the  great  mass  of  ancient 
Greek  writings  of  this  kind  were  made  into  a  collection,  and 
imported  into  Europe,  so  far  as  one  knows,  at  the  fall  of  the  Eastern 
Empire.  They  have  not  been  edited."  He  then  enumerates  some 
of  the  libraries  in  which  these  MSS.  are  contained,  and  refers 
to  previous  use  he  had  made  of  some  passages  when  attempting 
to  elucidate  certain  papyri  on  magic  rites.     ''As  to  the  papyrus 

*  VEgypU  sow  Ua  Pharaons,  voL  L,  p.  110,  zu>t.  2. 
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No.  66/'  he  continues,  "  the  chemical  processes  it  contains  seem  to 
have  related  to  certain  arts  and  manufactures.  But  it  is  very  likely 
that  it  also  contains  the  first  attempts  of  the  adepts  in  the  great 
work.  The  word  ;(/ov<ro7rocia  (gold  making),  is  not  in  it,  but  the 
phrase  xKitifiav  irotrimg*  [the  making  of  the  unmarked — xpvaog 
acnj/xoc,  uncoined  gold]  does  occur,  and  is  one  of  the  formulae 
frequently  met  with  in  the  later  Greek  MSS.  Tt  means  the 
confection  of  silvery  whic"h  alchemically  should  precede  gold.  Perhaps 
they  viewed  gold  as  the  quintessence  of  silver.  The  word  \ivKh}mQy 
bleaching  or  whitening,  is  probably  also  connected  with  the  same 
idea.''  Reuvens  judges — but  admits  that  lie  has  no  chemical 
knowledge — from  comparison,  that  this  word  whitening  is  the 
same  as  caldnation  or  oxidation  :  the  alchemists  detected  a  mystic 
relation  between  tbe  colours  white  and  red  of  the  different  metals 
{rubeus  or  yellow,  %avQoQy  %av9i»3ifnq)  and  the  formation  of  gold  and 
silver.t 

This  papyrus  has  l}een  designated  by  Kopp  the  oldest  chemical 
MS.,  its  date  being  not  later  than  400  A.D.,  and  possibly  as  early  as 
200  A.D.  From  Reuvens,  Kopp  gives  a  pretty  full  description  of  it, 
points  out  the  possibility  of  its  titles,  such  as  xoKkov  AevicaKric, 
\a\KOv  xf>ii(To^avoiic  ttocvjctcc,  ^c,  denoting  that  these  changes  are 
viewed  from  the  alchemical  and  not  from  the  technical  side,  and  the 
similarity  of  the  titles  to  those  in  the  later  MSS.  In  this  papyrus 
there  seems  to  be  rather  a  collection  of  short  receipts  or  extracts 
from  various  sources,  than  a  consecutive  treatise,  so  that  €ven  in 
it,  old  as  it  is,  the  primitive  form  may  not  be  given.  As  yet  no 
edition  of  this  most  important  MS.  for  the  history  of  chemistry  has 
appeared.  The  papyri  of  the  Leyden  library  are  gradually  pub- 
lishing, so  that  this  one  also  may  appear  in  due  time.  It  would  be 
very  interesting,  however,  to  have  a  transcription  now,  and  then 
we  could  better  afford  to  wait  for  what  is  of  course  the  most 
valuable  thing — a  fac-simila 

Though  apparently  the  oldest  known  writing  on  chemistry  at 
present,  it  is  not  impossible  that  others  of  greater  antiquity  may 
still  be  found.  The  discovery  by  Dr.  Ebers  of  a  papyrus  of  the 
sixteenth  century  B.a,  which  had  been  taken  from  a  mummy  case, 
raises  the  hope  that  something  similar,  bearing  on  chemistry,  may 
also  yet  be  found.  This  papyrus  deals  with  medicine,  and  is 
entitled  "The  Hermetic  Book  of  Medicines  of  the  Ancient  Egyp- 

*  'Affvfcof  is  sUver,    Dncange,  Oloss,  Or,  v.  A^nfup,  etc  (Reavens). 
t  Some  of  Reavens'  ezpUnatioDt  I  do  not  altogether  agree  with. 
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tians.'*  It  was  printed  in  fac-simile,  and  was  pabliflhed  in  two 
volumes  folio,  in  1875,  at  Leipzig.  The  age  of  it  seems  undoubted ; 
and  if  this  be  correct,  it  was  written  prior  to  the  exodus  of  the 
Israelites.  It  appears  to  be  one  of  the  Hermetic  books  on  medicine 
mentioned  by  Clemens  Alexandrinus  (200  a.d.),  as  the  god  Thuti 
or  Thoth,  who  is  the  same  as  the  Hermes  Trismegistus  of  the 
Greeks,  is  mentioned  in  it.  Of  course,  tbis  Hermes  was  the  person 
who  instructed  the  Egyptians  in  the  arts  and  sciences,  in  law  and 
religion,  and  is  the  Hermes  to  whom  all  the  alchemists  looked  as 
the  oracle  of  their  science. 

If  in  this  treatise  we  really  have  a  Hermetic  work,  it  is  one  of 
those  hypotheses-demolishing  facts  to  the  existence  of  which  I 
alluded  above.  There  is  no  use  in  arguing  against  the  antiquity  of 
Hermes  and  the  extent  of  his  knowledge,  if  this  be  a  veritable  pro- 
duction, as  old  as  Moses,  in  which  Hermes  is  mentioned.  These  are 
points  on  which  Egyptologists  alone  are  entitled  to  speak.  We  may 
only  hope  that,  from  this  and  other  similar  writings,  if  such  exists 
some  definite  settlement  may  be  arrived  at  of  the  long  disputed 
date  of  the  origin  of  alchemy,  and  to  that  extent  of  chemistry. 

What  I  have  now  said  is  a  very  meagre  sketch  of  the  present 
state  of  the  question.  I  regret  that  in  the  meantime  I  have  not 
been  able  to  give  you  the  results  of  my  own  examination,  either  of 
the  Leyden  papyrus  or  of  one  of  the  MSS.  But  it  may  not  have 
been  uninteresting  to  see  the  directions  in  which  modem  scholar- 
ship is  working  its  way  into  an  antiquity  which  was  only  the 
vision  of  a  dream  to  men  like  Borrichius,  whose  faith  in  their  ideas 
was  stronger  than  the  proofs  they  could  then  bring  in  support  of 
them;  and  the  results  shew  how  unsafe  and  unscientific  it  is  to 
dogmatise  on  a  subject,  so  very  little  examined  as  this  has  been, 
when  we  do  not  know  what  may  be  announced  in  to-morrow's 
newspaper  or  next  week's  journal 

Postscript. — ^With  regard  to  the  age  of  Zosimus,  the  following 
remark  by  Kopp  {Beitrage,  p.  55)  may  be  quoted  :  '*  In  an  Egyptian 
writer  on  the  art  of  transmuting  metals,  who  perhaps,  also,  is  to  be 
placed  in  the  fourth  century  (if  not  in  a  still  earlier  period) :  in 
Zosimos  we  find  the  word  Chema,''  &c. 

As  to  the  value  of  the  writings  of  Zosimos,  no  less  a  person  than 
Beckmann  has  written  as  follows  in  his  chapter  on  Indigo  :  "  It  is 
especially  noteworthy  that  Zosimus,  the  chemist,  declares  the 
colour  of  the  hyacinth  of  the  ancients,  that  of  woad,  and  of  /li Aay 
IvSiKov,  to  be  the  same  or  similar."    And  in  the  note  to  this  passage 
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he  adds :  ''As  to  the  manuscripts  of  Zosimus,  who  is  commonly 
called  Panapolita,  see  Fdbridi  Bibl,  GrcBca^  vol.  tL,  pp.  612,  613; 
and  YoL  zii.,  pp.  748,  761.  May  I  live  to  see  the  publication  of 
them  I  They  will  certainly  throw  much  light  on  the  history  of  the 
arts.  ...  It  is  remarkable  that  Zosimus  calls  indigo-dyers 
Xaxarrai  and  IvSitco/Ba^oi,  in  order,  perhaps,  to  distinguish  them 
from  the  dyers  with  woad.  The  distinction,  therefore,  between 
indigo-dyers  and  those  who  dyed  with  woad  must  be  very  old." 
He  iiirther  says,  in  reference  to  the  confusion  between  IndioMn 
and  Indictim  nigrum,  indigo  and  Indian  ink :  ''  I  should  consider 
of  iar  greater  importance  the  opinion  of  the  chemist  Zosimus ;  but 
unfortunately  his  writings  have  not  yet  been  printed.  The  period 
in  which  he  lived  is  still  uncertain,  and  it  is  still  less  known  whether 
all  the  chemical  manuscripts  which  bear  that  name  were  written 
by  the  same  author."  Beytr&ge  zu/r  GeschichU  der  Erfindungen, 
Bd.  iv.,  pp.  504-506.  Leipzig,  1799.  History  of  InverUuma,  vol.  ii, 
p.  269  (English  Translation,  4th  EdL),  Lond.  1846 ;  in  which,  how- 
ever, portions  of  the  original  have  been  omitted,  a  not  unusual 
thing  in  this  translation. 
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XXXVI. — On  fJie  Position  nf  the  Centre  of  Gravity  in  Man^  as 
determining  the  Mechanical  Relations  of  the  Two  Sides  of  the 
Body  tovoaards  each  other.     By  Andrew  Buchanan,  M.D. 


[Read  before  the  Society,  April  25,  1877.] 


An  old  and  esteemed  pupil,  Dr.  M^Bimie,  of  the  Normal  School  of 
this  city,  who  has  been  for  more  than  twenty  years  past  usefully 
engaged  in  teaching  physiology  to  classes  of  young  persons 
(numbering  this  present  year  135),  who  thereafter,  as  teachers  and 
governesses,  disseminate  widely  the  instruction  they  have  received — 
this  gentleman  b^ing  about  to  publish  a  Text  Book  on  Physiology 
for  the  use  of  his  pupils,  applied  to  me,  about  two  months  ago, 
for  a  concise  answer  to  one  of  the  questions  set  for  the  last  seven 
or  eight  years  by 'the  Science  and  Art  Department— viz.,  "Why 
do  we  use  the  right  hand  iji  preference  to  the  left?"  My  answer 
was  in  accordance  with  the  opinions  which  I  at  one  time  enter- 
tained, and  had  the  honour,  fifteen  years  ago,  of  submitting  to  the 
Philosophical  Society  of  Glasgow,  and  which  are  to  be  found  pub- 
lished in  the  Proceedings  of  the  Society  for  the  year  1862.  But 
I  was  under  the  necessity  of  adding,  that  I  had  long  since  seen 
reason  forgreatly  modifying  these  opinions.  When  I  came  after- 
wards to  reflect  upon  this,  it  could  not  but  occur  to  me  that  it 
might  be  acceptable  to  more  than  one  old  pupil,  and  that  it  was  a 
duty  I  owed  to  the  Philosophical  Society  of  Glasgow,  to  explain 
the  opinions  I  had  been  ultimately  led  to  form  on  a  subject  as  to 
which  all  the  lefb-handed  members  of  the  Society,  and  many  more 
manifested  a  lively  interest.  I  hope  this  may  be  sustained  as  my 
excuse  for  once  more  troubling  the  Society  on  this  long  contro- 
verted question. 

The  view  which  I  submitted  to  the  Society  in  the  year  1862  was 
essentially  as  follows — viz.,  that  the  predominance  of  the  right  hand 
over  the  left,  and  more  generally  of  the  limbs  of  the  right  side 
over  those  of  the  left  side  of  the  body,  was  owing  to  the  fiwjt,  very 
easily  demonstrated,  that  the  centre  of  gravity  of  the  body  does 
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not  lie  in  the  middle  line,  but  inclined  to  the  right  side.  In  proof 
of  the  correctness  of  this  view,  »I  shewed,  what  is  also  very  easy  of 
demonstration,  that  the  inclination  of  the^sentre  of ; gravity  to  the 
right  gives  a  mechanical  advantage  to  the  muscles  of  .the  right 
side  of  the  body,  while  it  is  unfavourable  to  the  aetion .  of  those 
upon  the  left  side.  But  I  judged  hastily  when  I  inferred  that  this 
is  the  ground  of  preference  which  prompts  the  great  majority  of 
mankind  to  use  their  right  limbs  rather  than  their  left.  The  posi- 
tion of  the  centre  of  gravity  on  the  right  side  is  common  to  all 
men  of  normal  conformation,  and  furnishes  to  all  .of  them  alike  an 
adequate  motive,  when  they  are  about  to  put  forth  their  full 
strength  in  the  performance  of  certain  actions,  to  use  the  limbs  of 
the  right  side  in  preference  to  those  of  the  left.  But  such  actions 
are  of  comparatively  rare  occurrence,  and  the  theory  fails  to  explain 
why  the  right  limbs,  and  more  especially,  the  right  hand,  are  preferred 
on  so  many  occasions  where  no  great  muscular  effort  is  required;  and 
fails  still  more  signally  to  explain  why 'Some  men  give  a  preference  to 
the  limbs  of  the  left  side,  and  others  manifest  no  predilection  for 
either.  It  is  nevertheless  true  that  the  position  of  the  centre  of 
gravity  is  the  pivot  on  which  turn  the  whole  mechanical  relations 
of  the  two  sides  of  the  body,  and  that  in  all  men  of  normal  con- 
formation it  inclines  to  the  right,  and  gives  to  the  .muscles  of  that 
side  a  mechanical  advantage  over  those  of  the  left  side.  But  there 
is  another  element  in  the  problem  of  not  less  importance,  but  which 
I  overlooked.  The  centre  of  gravity  situated  on  the  right  side  is 
variously  placed  upwards  or  downwards,  according  to  the  original 
make  or  framework  of  the  body.  In  the  great  majority  of  man- 
kind it  lies  above  the  transverse  axis  of  the  body,  and  enables  them 
to  balance  themselves  best,  and  to. turn  most  easily. and  securely, 
on  the  left  foot,  objects  which  they  effect  by  the  impulsive  power  of 
the  muscles  of  the  right  lower  limb.  They  thus  become  right-footed, 
and  thereafter,  by  a  necessary  consequence,  as  will  be  shewn 
below,  they  become  also  right-handed.  In  other  cases  much  less 
numerous,  the  centre  of  gravity  of  the  body  falls  below  the  transverse 
axis;  and  the  whole  mechanical  conditions  above  mentioned  are 
then  reversed,  and  the  individuals  so  constituted  tend  physically 
to  become  lefl-footed,  and  thereafter  left-handed.  Last  of  all,  in  cer- 
tain cases,  of  which  it  is  not  easy  to  estimate  the  number,  the 
centre  of  gravity  occupies  an  intermediate  position,  lying  at  the 
level  of  the  transverse  axis,  and  the  body  rests  with  equal  security 
and  revolves  with  a  like  facility  on  either  foot.  In  such  cases, 
therefore,  there  is  no  tendency  to  prefer  the  muscles  of  either  side, 
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becanse  there  is  no  mechanioal  adrantage  in  so  doing,  whetber 
pertaining  to  fjEusilitj  of  execution  or  to  security  of  equilibriunL. 

It  will  be  thus  seen  that  I  regard  the  whole  question  of  the 
mechanical  relations  of  the  two  sides  of  the  body  as  one  of  Pbyaical 
Mechanics.  It  is  for  this  reason  that  I  have  deemed  it  best  to 
employ  the  language  and  modes  of  reasoning  which  have  from  time 
immemorial  been  consecrated  to  the  pure  sciences,  as  best  adapted 
to  the  expression  and  demonstration  of  abstract  truth,  and  have 
Tentured  to  reintroduce  definitions  and  theorems  into  the  science 
of  physiology,*  in  which  they  were  at  one  time  so  familiar,  but 
from  which  they  have  been  banished  for  upwards  of  an  hundred 
years. 

Dbfinitioks  and  Explanations. 

1.  Medal  Flams, — The  Mesial  Plane  is  that  which  diyidea  the 
spine  and  the  whole  body  into  two  symmetrical  parts. 

2.  Centre  of  Body. — The  Centre  of  the  Body  lies  in  the  mesial 
plane,  at  the  point  where  the  centre  of  gravity  would  be  situated 
in  the  erect  body,  if  it  were  perfectly  symmetrical  and  of  uniform 
density  throughout. 

3.  lAmgiludinal  Axis  of  Body, — The  Longitudinal  Axis  of  the  body 
runs  from  head  to  foot  in  the  mesial  plane,  and  passes  through  the 
centre  of  the  body. 

4.  Transverse  Axis, — The  Transverse  Axis  of  the  body  runs  fh>m 
side  to  side  through  the  centre,  and  at  right  angles  to  the  longi- 
tudinal axis. 

5.  Tfie  Three  Plantar  Axes, — The  Plantar  Axes  of  the  body  are 
so  named  from  referring  to  the  body  as  it  rests  on  the  "  plantce," 
or  soles  of  the  feet.  They  are  the  Biplantar  Axis,  where  the  body 
rests  on  both  soles ;  and  the  two  XTniplantar  Axes,  or  simply  the 
right  and  left  plantar  axis,  where  it  rests  on  one  sole  only. 

All  the  three  plantar  axes  coincide  with  the  plumb-line  let  fall 
frt>m  the  true  centre  of  gravity  of  the  body,  for  the  time  being,  on 
the  basis  on  which  it  rests;  which  for  the  biplantar  axis  is  the 
space  under  and  between  the  soles  of  the  two  feet,  and  for  the 
right  and  the  left  uniplantar  axis  the  space  under  the  sole  of  the 
corresponding  foot. 

*  When  a  nutn  on  the  borders  of  ffonrsoore  uidertakes  to  perform  a  task 

which  he  learned,  and  in  lo  far  as  the  rolea  of  art  are  oonoemed,  ooold  have 

performed  better  at  fifteen,  he  cannot  bat  feel  his  need  of  indolgenoe  for  the 

mstiness  of  his  armoiir,  as  well  as  for  his  awkwardness  in  wielding  it,  the  reanlt 

of  long  desaetnde^ 
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Fig.  2. 


A.  LoDgitndmal  Axil. 

B.  Transvene  Ajufl. 

G.  Left  Uniplantar  Axil. 

D.  Bight  Uniplantar  Ajufl. 
££.  Biplantar  Axis. 
Asterisks,    Ordinary  Poflitions 

of  Centre  of  GraTity. 


Bight-handed. 


Ambidextroua. 


Fig.  a 


Fig.  4. 


Left-handed. 
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6.  Biplantar  and  Uniplaniar  AttUudes. — It  is  sometimes  con- 
yenient  to  employ  these  terms  to  denote  the  attitudes  in  which  the 
body  rests  on  the  bases  above  described  respectively. 

7.  Relative  Position  of  the  Longihuiinal,  and  the  Three  Plantar 
Axes, — It  will  be  seen  from  what  is  stated  below,  that  when  the 
body  is  erect  and  maintained  in  a  strictly  symmetrical  position 
with  the  longitudinal  axis  falling  upon  the  middle  of  the  basis  of 
support,  the  biplantar  axis,  coinciding  with  the  plumb-line  from  the 
centre  of  gravity,  is  parallel  to  the  longitudinal  axis,  and  falls 
farther  to  the  right  upon  the  base  (Fig.  1) ;  and  that  in  whatever 
other  point  the  biplantar  axis  falls  upon  the  base,  the  longitudinal 
axis  is  no  longer  straight  and  vertical,  but  inclined  at  an  angle  to 
the  biplantar  axis,  which  continues  vertical 

But  these  relations,  however  important  in  reference  to  the 
theory  of  the  movements  and  attitudes  of  the  body,  are  foreign 
to  our  present  subject,  which  is  concerned  only  with  the  angular 
position  of  the  longitudinal  to  the  two  uniplantar  axes. 

Each  uniplantar  axis  intersects  the  longitudinal  axis,  and  is 
divided  at  the  point  of  intersection  into  two  parts,  one  lying  on  the 
right  side  of  the  body  and  the  other  on  the  left.  The  relative 
angular  position  oT  these  three  axes,  which  varies  as  they  are  more 
or  less  divergent,  will  be  best  understood  by  supposing  (as  repre- 
sented in  Fig.  1)  the  longitudinal  axis  to  be  vertical,  and  the  two 
uniplantar  axes  oblique — although  this  is  quite  the  reverse  of  what 
in  reality  occurs ;  for  whenever  the  body  rests  on  either  foot,  the 
corresponding  uniplantar  axis  is  vertical,  and  is  intersected  by  the 
other  two  axes  running  obliquely. 

8.  NuiTMTOus  Centres  of  Gravity  of  Living  Organisms, — For  every 
mass  of  inanimate  matter  there  is^  and  can  only  be,  one  point 
entitled  to  receive  the  name  of  "  the  centre  of  gravity,"  being  the 
point  occupied  by  the  resultant  of  the  forces  of  all  the  gravitating 
particles  contained  in  the  mass  j  and  as  these  particles  never  change 
their  relative  positions,  their  forces  must  always  be  concentrated 
at  the  same  point. 

It  is  quite  otherwise  with  "living  organisms"  possessing  the 
power  of  spontaneous  movement,  whether  effected  by  means  of 
articulations  internal  or  external,  or  by  the  mere  flexibility  of 
tissues,  not  to  speak  of  gradual  increase  and  diminution  of  mass  from 
absorption  and  excretion,  or  the  more  rapid  processes  of  ingestion 
and  evacuation.  For  all  such  organisms  during  life  there  are 
innumerable  centres  of  gravity,  or  points  within,  more  rarely 
without,  the  organism  at  which,  for  a  certain  period  of  time,  the 
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gravitating  forces  are  concentrated.  Every  one  of  these  points 
corresponds  to  a  certain  attitude,  which,  by  yirtne  of  its  moving 
powers,  the  organism  is  capable  of  assuming,  and  continues  to  be 
the  true  centre  of  gravity  of  the  body  so  long  as  that  attitude  is 
maintained;  that  is,  till  the  moving  tissues  or  plastic  processes 
establish  a  new  centre  of  equilibrium  at  some  other  point  of  the 
gravitating  system. 

The  lecturer  illustrated  these  statements  by  means  of  a  flexible 
cylindrical  tube  (an  elastic  catheter),  which  he  compared  to  a 
worm,  a  serpent,  or  an  eel — of  all  of  which,  when  straight,  the 
centre  of  gravity  is  in  the  middle  point  longitudinally  and  trans- 
versely; but  as  they  are  bent  to  one  side,  the  centre  of  gravity  shifts 
towards  the  concave  side,  and,  leaving  the  body,  proceeds  outwards 
as  the  incurvation  proceeds,  till  it  reaches  the  centre  of  the  circle 
ultimately  formed  by  the  two  ends  of  those  cylindrical  bodies 
coming  into  contact. 

9.  The  80-oaUed  Centre  of  Gravity  of  the  Hunum  Body, — Consider- 
ing the  complicated  motory  apparatus  of  the  human  body,  and  the 
innumerable  attitudes  which  it  is  capable  of  assuming,  and  that  for 
every  one  of  those  attitudes  there  is  a  distinct  centre  of  gravity 
which  belongs  to  it,  and  can  belong  to  none  other,  it  will  naturally 
be  asked  where  the  point  is,  to  which  physicians  and  physiologists 
alike  giv^e  the  name  of  **  the  Centre  of  Gravity  of  the  Human  Body," 
and  to  what  bodily  attitude  it  corresponds?  They  all  agree  in 
speaking  of  this  centre  as  being  fixed  and  invariable,  just  as  they 
do  of  the  centre  of  gravity  of  a  mass  of  inanimate  matter.  The 
reason  is  plain.  It  was  upon  a  mass  of  inanimate  matter — upon  a 
dead  body — that  Borelli  first  determined  the  position  of  the  centre 
of  gravity.  But  it  is  equally  plain  that  this  central  point  can 
correspond  only  to  a  single  attitude,  and  that  it  is  fixed  and 
invariable  only  because  the  body  has  lost  all  power  of  spontaneous 
movement,  and  remains  permanently  in  the  attitude  in  which  it 
has  been  composed  to  rest.  In  a  strictly  physical  sense,  therefore, 
this  so-called  centre  of  gravity  of  the  human  body  has  no  more 
title  to  be  specially  so-called  than  innumerable  other  points  corre- 
spending  to  other  attitudes.  It  has  the  further  disadvantage  of 
corresponding  to  an  attitude  very  unusual  during  life,  and  which 
many  people  cannot  contemplate  without  shuddering,  as  not  being 
the  attitude  of  a  living  man. 

There  are,  however,  good  reasons  for  making  no  change,  or  at 
least  as  little  change  as  possible,  upon  the  time-honoured  mode  of 
speaking  introduced  into  physiology  by  the  founder  of  Animal 
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Mechanics,  and  those  reasons  have  induced  me  to  adhere  to  it  in 
the  title  given  to  this  communication.  One  small  change,  howeTer, 
I  have  deemed  indispensable ;  and  whenever  I  speak  indefinitely 
of  the  centre  of  gravity,  I  wish  to  be  understood  as  speaking  of 
the  body  standing  erect  and  symmetrical  (Prop.  Y.)  We  thus 
indicate  a  central  point  which  may  be  regarded  as  the  principal 
centre  of  gravity  of  the  body :  being,  as  it  were,  the  centre  of  the 
other  centres,  which  are  disposed  with  some  degree  of  symmetry 
around  it;  and  referring  to  a  very  usual  and  natural  attitude  of  a 
living  man,  which  is  maintained  with  little  muscular  effort,  and  to 
which  the  body  readily  returns  after  deviating  from  it. 

To  distinguish,  when  necessary,  this  principal  centre  from  the 
other  centres,  I  at  one  time  thought  of  naming  the  latter  *^  Sub- 
centres,"  following  the  analogy  of  the  words  urbs  and  suburbiom  ; 
but  it  is  perhaps  better,  as  being  equally  or  more  convenient  and 
precise,  to  speak  of  every  true  centre  in  the  strictly  physical  sense, 
as  quite  independent  and  distinguished  by  its  proper  attitude,  while 
the  term  centre  of  gravity  used  indefinitely  is  given  to  the  point 
defined  above. 

10.  Kinds  of  Movement  of  Living  Organiams. — These  movements 
are  of  three  kinds,  which  it  is  of  much  importance  to  distinguish  in 
reference  to  living  organisms,  as  forming  sL  fundamental  part  of^the 
doctrine  of  equilibrium.  The  first  kind  of  movement  belongs  to 
all  bodies,  animate  and  inanimate.  Inanimate  bodies,  indeed,  can 
scarcely  be  said  to  have  any  other  kind  of  movement,  although  we 
can  imitate  the  other  two  kinds  by  means  of  a  physical  apparatus ; 
and,  on  the  contrary,  living  bodies  scarcely  ever  exhibit  movements 
of  this  first  kind,  except  passively,  as  in  gestation,  while  all  their 
active  movements  are  of  the  second  and  third  kinds. 

(1.)  Equilibrative  Movement^  or  Puusive  Locomotion  in  Horizontal 
Plcme — in  which  every  part  of  the  moving  body  changes  its  absolute, 
but  never  its  relative  place  to  other  parts,  the  equilibrium  of 
the  body  continuing  undisturbed  throughout.  We  have,  properly 
speaking,  no  consciousness  of  this  kind  of  movement,  our  only 
knowledge  of  the  existence  of  which  is  obtained  through  the  eye, 
by  an  inference  of  the  mind  interpreting  certain  changes  in  the 
relation  of  place  among  external  bodies,  or  rather  changes  in  the 
place  of  certain  visual  impressions  on  the  retina  of  the  eye.  How 
uncertain  and  delusive  such  interpretations  often  are,  we  are  fully 
taught  as  we  travel  by  rail,  when  we  so  often  think  we  are  in 
rapid  motion  when  we  are  at  rest^  and  sometimes  at  a  station, 
have  the  more  startling  experience  of  moving  rapidly  forward  when 
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we  look  to  the  one  side,  and  as  rapidly  backward  when  we  look  to 
the  other. 

(2.)  TroAMlibrative  Mavementf  comprehending  —  IsL  Change  of 
Attitude;  cmd,  2nd,  Passive  Locomotion  in  a  Vertical  or  Oblique 
Direction,* — In  every  change  of  attitude  certain  parts  of  the  body 
move,  and  the  rest  are  quiescent,  while  every  part  changes  its 
relative  position  to  the  centre  of  gravity,  and  more  or  less  to 
other  parts  of  the  body,  with  a  proportionate  disturbance  of 
equilibrium  and  conscious  sense  of  movement. 

It  is  no  objection  to  this  definition  that  there  are  certain  move- 
ments of  this  class  in  which  parts  of  a  body  change  their  relative 
positions,  while  the  centre  of  gravity  continues  unmoved ;  for  in  all 
such  cases  there  are  in  reality  two  separate  and  simultaneous  move- 
ments, which  exactly  compensate  each  other,  and  so  keep  the  centre 
of  gravity  in  its  place.  In  this  way,  for  instance,  we  can  easily 
conceive  the  two  halves  of  a  metallic  rod  drawn  simultaneously 
straight  out  to  any  extent,  or,  if  twisted  on  the  one  side,  twisted  in 
exactly  the  opposite  direction  on  the  other,  without  any  change  in 
the  position  of  the  centre  of  gravity.  But  the  true  nature  of  the 
case  is  made  clear  by  performing  the  two  movements,  not  simul- 
taneously, but  in  succession ;  for  when  the  rod  is  drawn  out  on  one 
side,  the  centre  of  gravity  travels  in  that  direction,  returning 
graduaUy  to  its  place  as  the  other  half  of  the  rod  is  similarly 
drawn  out. 

The  most  important  character  of  every  translibrative  movement 
ijB,  that  it  is  a  matter  of  direct  consciousness,  or,  in  other  words, 
that  it  is  a  sensation.  I  have  been  long  in  the  habit,  as  a  teacher 
of  physiology,  of  defining  sensation  to  be  a  change  in  the  physical 
condition  of  the  body,  which  becomes  directly  and  simultaneously 
a  matter  of  consciousness  to  the  mind.  Now,  in  the  case  of  external 
sensations,  the  change  in  the  body  is  directly  occasioned  by  an 
external  cause— that  is,  by  a  change  in  some  physical  force  acting 

*  Although  the  whole  subject  of  passive  locomotion  is  foreign  to  this  place, 
I  may  remark  that  there  are  two  distinot  forms  of  it :  and  that  of  one  of  them, 
in  which  the  eqnilibriam  of  the  body  remains  nndiatorbed,  we  have  no  con- 
tdonsneM,  while  to  the  other  we  have  an  acute  sensitiveness,  as  it  excites  the 
well  known  feelings  that  culminate  in  sickness  and  vomiting,  as  at  sea,  or 
in  the  swing.  The  whole  subject  of  **  the  gravUative  aensations**  is  discussed 
in  a  paper  ready  for  the  press  which  I  have  had  past  me  since  1871,  but 
have  been  prevented  from  publishing  by  my  time  since  then  having  been 
wholly  taken  up  in  the  important  work  of  defending  my  own  position  and 
that  of  my  colleagues  in  the  CJniversity  of  Glasgow  against  the  encroachments 
and  other  Ijnumioal  proceedings  of  the  Glasgow  University  Court 
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upon  the  body;  as  in  the  case  of  onr  sensations  of  heat  and  cold, 
and  of  the  electric  shock  or  spark,  which  arise  directly  and  simul- 
taneously from  the  varying  action  of  heat  and  electricity.     Just  in 
the  same  way  the  physical  force  of  gravity  varies  on  every  change 
of  attitude,  and  we  have  a  direct  consciousness  of  the  disturbance 
of  equilibrium  within  us,  and  of  the  readjustment  of  the  gravitative 
forces,  so  as  to  change  the  position  of  the  centre  of  gravity  of  the 
limb  or  other  parts  which  actually  move,  and  of  the  common  centre 
of  gravity  of  the  body,  at  rates  which  are  in  the  inverse  ratio  of 
the  weight  of  the  parts  moved  to  the  weight  of  the  whole  body. 
{See  Prop.  III.)     Now,  when  we  come  to  analyse  these  complex  and 
somewhat  indefinite   expressions,  we  find  that  they  can    be   sim- 
plified, and  so  rendered  more  easy  of  comprehension,  by  referring 
all  such  changes  in  our  consciousness  to  the  single  principle  on 
which  they  all   depend — viz.,   the  force    of   gravity  varying    in 
direction  and  intensity  as  it  acts  upon  the  matter  of  our  bodies. 
But  it  must  be  carefully  observed  that  in  so  speaking  we  refer  not 
merely  to  the  attraction  of  our  whole  bodies  to  the  earth's  centre 
but  much  more  signally  to  the  attractive  influence  of  different 
parts  or  separate  masses  of  the  body  upon  each  other  as   they 
change  their  relative  places,  and  so  alter  their  mutual  attractive 
forces  in  the  threefold  ratio  of  mass,  of  distance,  and  of  direction. 
If  every  notable  variation  of  heat  or  electricity  is  an  object  of 
direct  and  immediate  consciousness  to  the  mind,  is  it  not  con- 
ceivable,  as  well  as    probable,   that  the  varying  action   of   the 
all-pervading  force   of  gravity  upon   our  bodies  should,  in   like 
manner,  be  an  object  of  direct  and  immediate  consciousness,  or  to 
speak  otherwise,  should  excite  sensation  according  to  the  definition 
of  that  term  given  above  1     This  view  supplies  us  with  a  simple 
physiological  explanation  of  the  doctrine  of  equilibrium.     On  every 
change  of  attitude  the  attractive  forces  of  the  moving  and  quiescent 
parts  of  the  body  vary  in  intensity  and  direction,  as  indicated  by 
the  change  of  position  of  the  centre  of  gravity  of  the  moving  parts, 
and  of  the  common  centre  of  gravity  of  the  body.    These  changes 
in  the  force  of  gravity  excite  sensation,  and  the  sensation  so  excited 
reacting  reflexly  upon  the  muscular  system,  adjusts  it  in  due  form 
for  the  maintenance  or  ro^stablishment  of  equilibrium.     In  this 
double  action  it  resembles  sA\  the  other  reflex  processes,  and  it 
bears,  moreover,  the  common  stamp  which  belongs  to  them — that 
of  ministering  directly  to  the  preservation  and  general  welfi^re  of 
the  body. 
As  to  the  directive  power  of  our  sense  of  equilibrium,  on  which 
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80  muoh  of  the  following  discussion  hinges,  it  seems  to  me  quite 
simple :  the  gravitative  sensation  described  above  reacts  on  the 
reflex  principle  upon  the  muscles  of  the  body,  so  as  to  ensure  the 
stability  of  the  attitudes  we  assume.  Much  confusion  of  ideas  has 
arisen  from  ascribing  to  the  muscles  a  sensation  with  which  they 
have  primarily  nothing  to  doj  and  whidi  is  the  exciting  cause  of 
their  reflex  action. 

(3.)  Active  Locomotion — in  which  the  two  kinds  of  movement 
defined  above  are  combined,  being  the  ordinary  kind  of  movement 
of  living  animals. 

Proposition  I. — Theorem.. 

The  line  described  hy  the  centre  of  gravity  of  a>  moving  body  is 
proportionate  to  the  force  which  set  the  body  in  motion. 

Let  W  be  the  weight  of  the  body,  let  L  and  L'  be  two  lines 
described  by  the  centre  of  gravity,  and  F  and  F'  the  corresponding 
forces  exerted,  then  F  =  WL,  F  =  WL',  and  F  :  F  : :  L  :  L'. 

This  proposition  is  an  expression,  with  reference  to  an  actual 
mass  of  matter,  and  in  a  practical  form,  of  an  idea  which,  when 
expressed  in  a  more  general  form,  is  too  simple  to  require  or,  indeed, 
to  admit  of  demonstration.  This  arises  from  the  necessary  relation 
of  our  conceptions  of  the  meaning  of  the  words  body,  motion, 
velocity,  force,  and  momentum.  By  body  spoken  of  indefinitely,  we 
mean  a  mass  of  matter  of  which  neither  the  magnitude  nor  the 
density  is  taken  into  account;  motion  is  the  change  of  place  of  the 
body,  and  velocity  the  rate  at  which  the  change  takes  place  in  a 
given  time,  while  force  is  our  conception  of  the  cause  of  the  phe- 
nomenon, and  momentum  a  general  expression  for  the  eflect,  which 
we  cannot  conceive  otherwise  than  as  proportionate- to  the  cause,  and 
proportionate  also  to*  the  mass  moved  and  the  rate  at  which  it  moves^ 
Employing  letters  as  symbols  to  express  briefly  these  ideas,  we 
have  F  and  M  for  force  and  momentum,  and  b  and  v  for  body  and 
velocity,  and  we  cannot  avoid  the  conclusions  that  F=  M  =  6v. 

When  we  come  to  apply  the  general  idea  expressed  by  these 
symbols  to  an  actual  body,  or  mass  of  matter  moving  at  a  certain 
rate,  we  meet  with  difficulties  of  two  kinds.  We  must  know  the 
size  and  the  density  of  the  body,  but  we  obviate  this  necessity  by 
taking  the  weight  (W),  which  can  be  determined  with  far  more  ease 
and  precision  than  either  size  or  density.  Next,  we  must  know  the 
velocity  with  which  the  body  moves;  that  is,  the  velocity  of  all  the 
particles  of  which  the  body  consists.     But  these  particles  may^  ej;i$l 
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very  often  do,  move  witli  dififerent  velocities,  and  which  of  them 
we  to  select?  This  is  the  reason  for  selecting  the  velocity  of  the 
centre  of  gravity,  for  the  line  described  by  that  point  multiplied  by 
the  weight  of  the  whole  body  is  equal  to  the  sum  of  the  products 
of  all  the  moving  particles  into  their  respective  velocities,  which  is 
clearly  the  momentum  (M)  or  total  effect  produced,  and  equal  to 
the  cause  (F)  from  which  that  effect  proceeds. 

This  proposition  admits  also  of  experimental  proof,  for  the  centre 
of  gravity  is  the  only  point  at  which  a  force  impressed  can  move 
the  body,  and  if  coming  in  an  opposite  direction  arrest  its  motion 
without  disturbance  of  equilibrium;  just  as  we  see  in  bodies  which 
preserve  their  equilibrium  however  placed,  when  suspended  by  or 
supported  upon  their  centre  of  gravity. 

It  must  be  remarked,  however,  that  the  point  here  indicated  does 
not  refer  to  the  force  of  gravity  alone,  as  the  name  appears  to  imply, 
but  to  forces  of  all  kinds  impressed  upon  the  body,. and  having  their 
momenta  concentrated  at  the  same  point. 


Prop.  II. — Theoiu 

The  straight  line  drawn  between  any  tioo  stuxessive  positions  of  the 
centre  of  gravity  corresponding  to  two  differ enl  attitudes  of  t/te  body,  is 
proportionate  to  the  force  required  to  pass  from  the  one  altitude  to  the 
other. 

Let  F  be  the  force,  L  the  straight  line  drawn  between  two  suc- 
cessive positions  of  the  centre  of  gravity,  and  W  the  weight  of  the 
body ;  then  (Prop.  1)  we  have  F  =  LW. 

But  in  every  body  which  changes  its  attitude  we  have  (Def.  10.  2.) 
certain  parts  (M)  which  move,  and  certain  other  parts  (S)  which 
remain  stationary.     Now  M  +  S  =  W,  wherefore  F  =  (M  +  S)L. 

It  will  be  seen  that  this  is  just  a  special  mode  of  expressing  the 
general  truth  stated  in  Prop.  I.,  but  it  is  a  nefeessary  step  to  the 
next  proposition,  which  shews  in  what  way  the  two  sets  of  parts 
(M  and  S)  co-operate  in  producing  the  movement  (L)  of  the  centre 
of  gravity. 

Prop.  III. — Theor. 

In  every  change  of  attitude  of  the  body  tlie  line  described  by  the 
centre  of  gravity  of  the  moving  parts  is  to  that  described  by  t/ie  common 
cerUrSy  as  the  weight  of  the  wlwle  body  is  to  the  weight  of  the  moving  parts. 

Let  I  be  the  line  described  by  the  centre  of  gravity  of  the  parts 
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(M)  which  move,  the  other  symbols  being  as  in  Prop.  II.,  then 
W  :  M  : :  ; :  L. 

The  line  I  is  proportionate  to  the  whole  moving  force  F,  which  tells 
only  on  the  parts  M,  and  we  have  (Prop.  I.)  F  =  MZ.  But  by  Prop. 
II.  we  have  F  =  (M  +  S)L.  Hence  we  have  M^  =  (M  +  S)L,  and 
consequently  we  have  (M  +  S) :  M : :  Z  :  L,  or  W  :  M : :  / :  L. 

An  analytical  formula  is  much  inferior  to  a  geometrical  construc- 
tion, inasmuch  as  the  former  merely  gives  conviction  of  the  truth 
of  a  result,  but  gives  no  idea  whatsoever  of  the  mode  in  which  the 
result  is  effected,  while  the  latter  accomplishes  both  objects.  The 
following  construction,  for  example,  gives  us  an  accurate  conception 
of  the  changes  of  relative  positions  that  occur  among  the  two  sets  of 
particles,  M  and  S,  of  the  organismi  which  may  be  supposed  to  be 


Fig.  6. 


that  of  an  amoeba,  a  proteus,  or  any  other  creature  which,  by  its 
power  of  spontaneous  movement,  passes  from  one  attitude  into 
another  one,  the  latter  being  that  represented  in  Fig.  5. 

When  the  organism  is  in  its  first  attitude,  let  the  point  B  be  the 
centre  of  gravity  of  the  particles  (M)  of  the  body  of  the  animal, 
wherever  situated,  that  enter  into  motion ;  and  the  point  A  the 
centre  of  the  particles  (S),  wherever  situated,  that  remain  stationary. 
Join  A  and  B,  and  divide  the  line  AB  at  C  into  two  parts,  AC  and 
CB,  which  are  as  M  to  S;  then  C  is  the  common  centre  of  gravity 
of  the  animal  in  its  first  attitude.  Let  the  attitude  now  be  changed, 
and  let  b  be  the  centre  of  the  moving  particles  (M)  in  their  new 
positions.  Join  the  points  b  and  A,  and  divide  the  line  A6  at  c 
into  two  parts,  Ac  and  d>,  which  are  to  each  other  as  M  to  S. 
Then  c  is  the  common  centre  of  gravity  in  the  new  position. 
Join  B6  =  ^  and  Cc  =  L. 

The  two  sides  AB  and  A5  of  the  triangle  AB6  arc  divided  at 
C  and  c  into  two  parts,  which  are  proportionals ;  therefore  the  line 
L  is  parallel  to  the  line  t,  and  we  have  AB  :li:  AC ;  Ix.    Bx^  kS^^ 
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AC  +  CB;  so  that  AC  +  CB  :/:  :A(?:L;  or  AC +  CB  :  Ac:  i/iL 
But  AC  +  CB:A<;::M  +  S:M;  and  therefore  M  +  S:M::/:L; 
that  ig,  W:M::/:L. 

Pbop.  IV. — Problem. 

To  find  the  line  de$cribed  hy  the  common  centre  of  gravity  of  «i 
organum  of  knoum  weight  in  coneequence  of  the  movement  of  a  limb^ 
of  which  t/ie  weiglU  and  movement  of  its  centre  of  graviiy  can  U 
determined,  and  which  is  so  situated  that  it  can  perform  d^nite  move- 
ments while  tlie  rest  of  the  body  is  stationary. 

The  reasoning  here  is  the  same  as  in  the  last  proposition,  and  can 
be  illustrated  by  a  simple  apparatus. 


Let  AJB  be  a  body  having  a  joint  at  J,  by  means  of  which  the 
movable  part  JB  or  M,  having  B  as  its  centre,  can  pass  into  the 
position  Jb,  -while  the  part  AJ  or  S,  having  its  centre  at  A,  remains 
stationary.  Divide  AB  into  two  parts,  AC  and  CB,  in  the  proportion 
of  M  to  S  ;  then  C  is  the  common  centre  of  gravity.  Next,  let  JB 
pass  into  the  position  J6;  join  B6  and  A6,  and  di-aw  Cc  parallel  to  B6; 
then  Cc  is  the  line  described  by  the  common  centre  of  gravity. 

In  the  triangle  AB6  the  base  Bb  is  parallel  to  the  line  Co,  there- 
fore AC  :  Cc  : :  AB  :  Bb,  But  AB  =  AC  +  CB,  and  Bb  =  l,  wherefore 
AC  :  Cc : :  Ac  +  CB  :  Z,  and  AC  +  CB  :  AC  : :  ^  Cc  =  M  +  S  :  M  : :  / :  Cc, 
or  W :  M  : :  Z  :  Cc.  But  (Prop.  III.)  W  :  M  : :  ^  :  L,  and  therefore 
Cc  =  L,  and  is  the  line  described  by  the  common  centre  of  gravity. 

Prop.  V. — Theor. 

The  centre  of  gravity,  as  determined  by  Bordli  on  the  dead  body,  is 
farther  down,  measuring  along  the  biplantar  axis  (Def.  7),  than  the 
centre  of  gravity  of  a  living  man  standing  upright  and  symmetiieal ; 
by  a  line  which  is  to  a  line  dravm  from  the  umbilicus  to  the  top  of  the 
sternum,  as  the  weight  of  the  whole  body  is  to  tlie  weight  of  the  two  arms. 

Le^  the  body  Z,  having  a  base  on  which  it  can  rest  upright,  have 
also  at  the  top  a  transverse  branch,  at  the  ends  of  which,  equidistant 
from  the  middle  line,  two  slender  wires  are  jointed,  having  equal 
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balls  (p,p)  attached  to  them.      M  denotes  the  balls  and  wires,  and 
S  the  rest  of  the  body,  Z. 

Let  C  be  the  common  centre  of  gravity  of  this  body,  determined 
as  it  is  laid  horizontally,  and  the  centre  of  gravity  of  M  (the  balls 
and  wires)  will  be  at  B,  in  the  middle  of  the  imaginary  line  pBp 
running  between  the  two  balls.  Next,  let  the  wires  and  balls  be 
turned  round  at  a  right  angle  on  the  horizontal  plane,  till  they  come 
into  the  line  of  the  transverse  beam,  and  their  centre  of  gravity  will 
ascend  from  B  to  6,  while  the  common  centre  of  gravity  ascends 
from  C  to  c,  and  the  line  B6  will  be  to  Ce  as  the  weight  of  the 


whole  body  is  to  the  weight  of  the  balls  and  wires  (Prop.  III.) 
Now,  the  very  same  elevation  of  these  two  centres  takes  place 
whenever  the  body  Z  is  placed  upright,  for  the  weights  hanging  from 
the  ends  of  the  transverse  beam,  like  the  weights  in  the  scales 
of  a  balance,  are  virtually  placed  at  the  points  of  suspension,  and 
have  their  centre  of  gravity  at  the  point  h. 

The  conditions  are  the  very  same  in  the  two  modes  of  determin- 
ing the  position  of  the  centre  of  gravity  of  the  human  body.  When 
the  body  lies  horizontally  with  the  two  arms  tied  to  the  sides,  the 
common  centre  of  gravity  of  the  two  arms  lies  in  the  middle  of  the 
line  connecting  the  two  elbow-joints  at  the  level  of  the  umbilicus. 
But  if  the  arms  be  turned  round  at  a  right  angle,  and  laid  out  in 
the  straight  line  passing  through  the  shoulder-joints,  then  the  centre 
of  gravity  of  the  arms  is  in  the  middle  of  that  line,  or  at  the  top  of 
the  sternum ;  and  it  occupies  exactly  the  same  position  when  the  body 
is  erect  and  symmetrical,  for  the  weight  of  the  arms  hanging  from 
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the  sLoulderjoints  is  Tirtuallj  st  tlie  level  of  the  points  of  snspen-i 
Dioii,  and  the  oommon  centre  of  graTitj  of  the  bodj  is  elevated  bj 
M  Hue  which  is  to  the  line  drawn  from  the  mnbilicas  to  the  top  of  the 
literuiim  ast  the  weight  of  the  whole  bodj  is  to  the  weight  of  tiit 
two  arms. 

If  iii  a  man  weighing  10  stone  (140  lbs.)  the  two  arms  be  supposed 
to  woigli  7  Ihs.  each,  or  together  1  stone,  and  if  the  line  drawn 
from  the  umbilicus  to  the  top  of  the  sternum  be  16  inches, 
then  we  have  HO  :  14  : :  16  :  1*6  ~  the  elevation  of  the  common  centre* 
of  gravity. 

Conclusions  frok  the  Preceding  Profositioksw 

As  the  |u*(HHHUi>g  propositions,  however  interesting  in  themselves, 
have  uik  divtH)t  boaring  upon  our  subject,  and  are  intended  merdj 
lo  ttupi^y  argumwita  that  bear  upon  it>  we  may,  before  proceeding 
fVinht^S  iu\|uirt)  what  these  arguments  are. 

It  baa  Iket'u  ah^wn  that  in  all  movements  of  whidi  t2ie  cff«cc 
ia  X<\  aht>r  the  attitude  of  the  botlv«  the  line  described  bv  (Ite  centre 
gif  giuvifv,  v>r»  tv*  «)>eak  moope  briedy.  the  movement  oi  th*  centre 
<rf  grti^\it(Y»  i»  in  direct  propotrtion^ — 1st*  to  the^  m.izscular  etfbrt 
required  to  ^uxxluce  the  moveiitent ;  axd.  fnd*  to  tne  df^tntrhaiice 
\>i  th^  ^uillbriuui  of  the  body  with  which,  th^e  movisiiLeiut  is 
atteudeii  l^it  there  are  two  other  conciTizHoaj}  whidbi  fib  Haw  u 
corollaried,  and  are  at  lea^ic  approAimateiy  true,  ami  thiese  ar«  in 
the  iuver>ie  {/roportiv^u  of  the  two  turmer  and  of  the  muvenusnt 
of  the  cvutre  of  gravity.  The  leea  the  m^uticolar  eifbrt:  chs  greater 
ia  the  faqUity  wLdi  which  the  movement  is  perlbrmed.  :uid  xiiA  leas 
the  di^turbauce  of  equilibrium  the  more  "secure  or  fi?ee  oronL  ram 
dauber  of  laliiiig  i&  the  oocresponding  movement:* 

Xow,  these  ai'gtimeuca  are  to  be  broughc  to  bear  upon  tfas 
UiovouioiiC  of  the  o«ucre  of  ^^ravity  tr^uu  its  wonted  position  to  toa 
axjia  of  oitli«;r  foot  (right  or  left  uniplanc&r  uoLisii :  iiuewinj^  diac  tha 
oue  muveiucut  Ld>  in  the  y^reat  majority  of  oases,  '3aaier  and 
vhAU  thv  ocxKr,  :Uid  tlicrwiore  to  be  i>c«ierrvd  :  or  tiiac  diere 
be  uo  diifercuce  in  the^e  i-eapectSy  and  iherdLore  no  ^^und  <i£  obaios 
bccwcv'U  tiiA.'Uk 

but  hv»w,  it  will  Ix:  u^ked,  is  uhe  judgment  "lO  >je  formed  '  L  i^Dp^T 
thuc,  if  it  MiOic  :k  Tiuikiex*  ^ii  judgmeuu  the  ;u:^ument  would  ac  imca 
I'all  lo  '.he  ^^.LoujLiu;  tor  in  !:he  ca^e  of  eiiildrt>u  learuin;!^  to  waik^  to 
Nvlucli  IV  i^  hcru  :ii^<^Iied,  iheru  luue^  btieu  no  oxfmritinceft  and  «An 
uiLiu'oiv  U.-   Lko  jua^iacuu     But  it  U  nut  ^  matter  *ji  jud;gmens» 
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but  a  matter  referred  to  the  instinctive  sense, — the  sense  of  equili- 
brium wliich  exists  in  every  human  being,  and  watches  over  and 
guides  us,  almost  infallibly,  as  to  the  fitness,  and  above  all  the 
safety  of  our  movements; 

Of  the  nature  of  this  most  important  sense  I  have  already  given 
my  opinion  ;  but  I  can  now  appeal  to  the  preceding  propositions  to 
establish  the  fact  previously  assumed  without  proof,  that  no  single 
part  of  the  body,  however  small,  can  change  it*s  place  without  a 
synchronous  readjustment  of  the  whole  gravitating  forces  of  the 
system,  and  a  change  in  the  position  of  the  common  centre  of 
gravity.  It  is  this  change  in  the  physical  condition  of  the  body 
which  leads  us  to  conclude  that  the  conscious  sense  of  movement 
which  accompanies  such  changes  of  attitude  is  simply  the  sensation 
of  gravity:* 

PftOP.  VL— Theor. 

The  centre  of  gravity  of  the  body  when  erect  and  symmetrical  lies  on 
the  right  side  of  the  longitudinal  axis. 

It  is  not  easy  to  determine  directly  by  experiment  the  point  of 
equipoise  of  the  body  in  a  transverse  direction,  as  has  been  done 
in  the  longitudinal  direction.  It  is  much  safer  to  determine  it  in 
an  indirect  way.  The  inclination  of  the  centre  of  gravity  to  the 
right  side  must  be  occasioned  either  by  the  parts  situated  on  that 
side  of  the  mesial  plane  being  more  weighty,  or  by  their  lying  more 
eccentrically  than  those  upon  the  opposite  side.  The  arguments  of 
this  kind  are  threefold,  applying  to  the  organs  of  motion,  to  the 
viscera,  and  to  the  infiiience  of  respiration  on  the  position  of  the 
viscera. 

1.  Organs  of  Motion. — In  all  adults  wha  use  the  right  hand  in 
preference  to  the  left — that  is,  in  the  great  majority  of  mankind — 
the  muscles  of  the  right  side,  as  well  as  the   bones   and  other 

*  Although  foreign  to  our  present  subject,  I  may  here  say  that  in  the  paper 
referred  to  in  the  foot-note,  p.  397,  the  sensation  of  contact,  usnally  regarded  as 
the  principal  of  the  tactual  sensations^  is  shewn  to  belong  to  the  class  of  gravUa- 
live  sensations.  The  reasoning  is  simple  :  Passive  movements  producing  change 
of  attitude  derange  the.  gravitating  forces,  jnst  as  those  effected  by  muscular 
contraction  :  and  are  attended  with  the  same  sensation,  or  conscious  feeling  of 
movement ;  which  is  in  both  cases  equally  distinct,  independently  of  the  size  of 
the  part  moved.  We  do  not  feel  the  active  movement  of  a  whole  Umb  more  dis- 
tinctly than  we  do  that  of  a  lip  or  of  aa  eyelid  or  an  eyebrow ;  and  just  in  the 
same  way,  we  are  not  more  conscious  of  the  pushing  or  dragging  of  a  limb  into 
a  new  position,  than  we  are  of  the  indentation  or  dimpling  inward  of  a  small 
part  of  the  skin  by  the  contact  of  a  foreign  body,  or  of  the  gentle  and  mutual 
movement  of  sorfaces  occasioned  by  a  touch  with  the  tips  of  our  own  fingera» 


40G  Philosophical  Society  of  Glasgow, 

pawive  organs-  ef  motion,  are  more  biglilj  deTeloped  than  those  on 
the  left  aide.  This  ia  oflen  manifest  to  the  eye  from  their  taad^ 
and  can  always  be  demonstrated  more  acctiratelj  bj  the  bahuMe. 
The  centre  of  gravity  must,  therefore,  incline  to  the  right  side,  and 
the  inclination  is  manifestly  dae  to  superior  weight  alone,  as  the 
organs  of  motion  are  disposed  with  the  most  perfect  symmetry  on 
the  two  sides  of  the  body. 

In  the  Proceedings  of  your  Society  for  1862,  I  hare  endearonred 
to  shew  that  the  greater  development  of  the  motory  organs  of  the 
right  side  is  due  entirely  to  the  greater  use  that  is  nMule  of  them, 
that  it  is  more  conspicuous  in  the  adult  than  in  early  life,  and  that  in 
the  child  that  has  not  yet  learned  to  walk,  as  well  as  during  infancy 
and  the  foetal  state,  it  is  no  longer  to  be  discovered.  The  .greater 
development  of  the  organs  of  motion  of  the  right  side  is  obviously, 
therefore,  not  congenital ;  and  this  leaves  open  a  very  wide  field 
of  inquiry  as  to  the  causes  on  which  it  depends,  and  as*to  which, 
to  save  time,  I  refer  to  the  Proceedings,  1862. 

2.  T/ie  Viscera. — For  our  knowledge  of  H^he  exact  -weight  aad 
relative  eccentricity  of  the  viscera  on  the  two  sides  of  -the  body, 
we  are  indebted  altogether  to  Dr.  Struthers,  Professor  of  Anatomy 
in  the  University  of  Aberdeen.  Dr.  Struthers  has  shewn  {£dm, 
Med.  Jour.,  Jan.  1863)  that  the  viscera  situated  on  the  right  side 
of  the  middle  line  are  on  an  average  22-75  oz.  av.  heavier  than 
those  on  the  left  side.  Still  further,  by  a  most  ingenious  arrange- 
ment, in  which  he  combines  weight  with  measurement,  he  enables  us 
to  determine  the  mechanical  effect  produced  by  the  relative  position 
of  each  viscus,  and  thus  to  conclude  {Edin.  Med.  Jour^  Aug.,  1863), 
upon  thoroughly  reliable  data,  that  :the  centre  of  gitavity  of  the 
body,  so  far  as  it  depends  on  the  weight  and  position  of  the  viscera, 
is  '277698,  or  somewhat  less  than  three- tenths  of  an  inch^  distant 
from  the  mesial  plane  towards  the. right  side. 

3.  Influence  of  Respiration  on  the  Position  of  the  Viscera. — To 
save  time,  I  refer  to  the  Proceed.  Phil.  Soc,  March,  1862,  to  ahew 
that  a  deep  inspiration  is  essential  to  every  great  muscular  effort, 
and  has  the  effect  of  carry ihg  the  centre  of  gravity  of  the  body 
farther  to  the  right  side. 

Prop.  VII.— Theor. 

The  centre  of  gravity  of  the  body  lies,  for  tlie  most  pari,  above  ike 
iransverse  axis,  but  may  lie  in  it,  or  below  it. 

It  is  shewn  by  the  last  theorem  that  the  centre  of  gravity  of 
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the  body  in  all  persons  of  normal  conformation,  lies  upon  the  right 
side.  It  is  now  to  be  shewn  that  the  centre  of  gravity,  without 
deviating  from  its  position  on  the  right  side,  is  situated  at  various 
heights  above,  or  below,  or  at  the  level  of  the  transverse  axis. 
This  depends  on  the  original  make  or  conformation  of  the  body. 
Broad  shoulders — the  body  tapering  downwards  from  the  shoulders 
— ^muscular  arms,  a  large  head,  and  a  long  neck,  all  tend  to  elevate 


Fig.  8. — ^Three  middle  lumbar  vertebr»;  Tertical  range  of  the « centre  of 
gravity  in  different  persons,  and  its  congenital  deviation  to  the  right,  or  that 
occasioned  by  the  viscera  alone,  "277  of  an  inch. 

the  central  point,  while  the  contrary  effect  is  produced  by  an  opposite 
conformation  of  these  parts;  and  in  like  manner  while  wide  haunches 
— ^the  body  tapering  upward  from  the  haunches — and  great  develop- 
ment of  the  lower  limbs  depress  the  centre,  an  opposite  conforma- 
tion tends  to  elevate  it. 

It  is  necessary  to  consider,  in  reference  to  these  positions  of  the 
oentre  of  gravity,  the  relations  which  it  in  consequence  assumes 
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towards  tlie  two  uniplantar  axes  of  the  body.  It  must  be  recollected 
as  is  seen  by  the  inspection  of  Fig.  1,  that  both  the  npper  half  of 
the  left  axis  and  the  lower  half  of  the  right  lie  on  the  same;  and 
that  the  right,  side  of  the  body.  The  consequence  is,  that  when 
the  centre  of  gravity  lies  upon  the  transverse  axis,  it  is  equidistant 
from  the  two  uniplantar  axes  (Fig.  3);  when  the  centre  rises  higher 
it  comes  nearer  and  nearer  to  the  lefl>  uniplantar  axis  (Fig.  2),  tili 
it  actually  rests  upon  it ;  and,  on  the  contrary,  when  it  sinks  farther 
down  it  comes  nearer  and  nearer  to  the  right  uniplantar  axis 
(Fig.  4),  till  at  length  actual  contact  takes  places 

PbOP.   VIII. — SCHOLIUK. 

If  from  any  point  situated  udtbin  an  angle  perpendicular  lines  he 
drawn  to.  the  two  sides  of  the  angle,  or  to  one  of  the  sides  and  the 
other  side  prodiuced:  then,  if  Hie  point  he  situated  in  the  line  bisecting 
the  angle^  the  perpendiculars  are  equal;  hut  if  the  point  he  siiuated 
elsewhere,  the  perpendiculars  are  unequal. 

Let  A  be  an  angle,  of  which  AB,  AC  are  the  sides^  and  AD  a 


Fig.  9. 

line  bisecting  the  angle,  then,  (1st)  if  from  any  point  p,  situated 
in  the  line  AD,  perpendicular  lines  pm,  pn  are  drawn  to  AB  and 
AC,  the  perpendiculars  are  equal  to  each  other  (Fig.  9). 

The  two  triangles  Amp  and  Anp  have  equal  angles  at  A,  and  the 
angles  at  m  and  n  are  right  angles,  therefore  all  the  angles  are 
equal,  each  to  each  :  and  as  the  two  triangles  are  similarly  situated 
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on  tHe  line  Kp,  which  is  common  to  both,  the  sides  between 
the  eqnal  angles  are  equal,  each  to  each ;  wherefore,  ptn  is  equal 
to/m. 

(2nd.)  If,  again,  the  point  p  be  sitnated  within  the  an^le  A,  and 
not  in  the  line  AD,  the  perpendiculars  drawn  to  the  two  sides 
(Fig.  10),  or  to  one  of  the  sides  and  the  other  aide  prodoced 
(Fig.  11),  are  unequal. 

From  the  point  p  draw  the  line  p^L  at  right  angles  to  AD,  and 
from  the  point  M  draw  the  lines  M^  and  MA  perpendicular  to  AB 
and  AC.  Draw,  also,  from  the  point  M  the  line  MP  parallel  to 
A^,  and  from  the  point  p  the  line  pS  parallel  to  AB. 

The  perpendicular  lines  M^  and  MA  drawn  from  M,  a  peint  in 
AD,  are  equal  to  each  other  (Ist).  They  are  al30  ef[aal  to  the  line 
Pn,  for  Pn  and  MA  are  perpendicular  to  AC,  and  lie  between  the 
same  parallel  lines  MP  and  AC.  But  the  perpendicular  pn  is 
greater  than  MA  by  P/»,  and  therefore,  also,  the  .perpendicular  jm  is 
greater  than  M^  by  Pp. 

Exactly  in  the  same  way  it  can  be  shewn,  from  the  line  pS  being 
parallel  to  AB,  that  the  perpendicular  pm  is  less  than  M^  hj  MS, 
whence  the  perpendicular  pm  is  less  than  the  perpendicular  pn  by 
the  sum  of  the  dijSerences  between  the  line  M^  and  each  of  the 
two  perpendiculars  pn  and  pm. 

It  will  be  easily  understood  that  the  angle  here  referred  to  is  the 
vertical  angle  (Figs.  1-4)  formed  on  the  right  side  by  the  intersection 
of  the  two  uniplantar  axes ;  that  the  point  within  the  angle  is  the 
common  centre  of  gravity  of  the  body;  and  that  the  perpen- 
diculars are  the  lines  described  by  the  centre  in  passing  from  its 
ordinary  position  to  rest  on  either  uniplantar  axis,  and  the  differ- 
ence between  them  the  difference  of  the  forces  required*  to  execute 
these  movements.  The  preceding  demonstration,  therefore,  applies 
to  the  three  following  theorems,  and  is  here  premised  to  prevent 
any  interruption  of  a  more  important  argument. 

Prop.  IX. — Theob. 

When  the  cerUre  of  gravUy  falls  above  the  transverse  axis,  the  per- 
pendicvJar  line  draion  from  the  centre  to  the  left  unipUmiar  axis  is 
s/iorter  than  the  perpendicular  line  drawn  to  the  right  uniplantar  axis; 
and  thiSf  being  the  usual  position  of  the  centre  of  gravity,  becomes  ike 
source  of  the  natural  tendency  to  right-handedness  in  the  great  majority 
of  men.     (See  Figs.  2,  10,  11.) 

When  the  child,  in  acquiring  the  use  of  his  limbs,  first  learns  to 
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stand  erect  upon  his  two  feet,  the  next  step  is  the  more  difficult 
one  of  learning  to  balance  himself  and  turn  round  upon  a  single 
foot.  A  transition  must  be  made  from  the  biplantar  to  one  of  the 
two  uniplantar  attitudes,  and  the  child,  under  the  guidance  of  his 
instinctive  feelings,  selects  the  one  which  he  can  attain  to  with  most 
ease  and  lesist  danger  of  falling.  He  assumes,  therefore,  the  left 
uniplantar  attitude,  that  is,  he  rests  on  his  left  foot,  which,  as  shewn 
in  the  last  theorem,  he  does  with  so  much  the  more  facility  and 
security  as  the  centre  of  gravity  is  higher.  He  may  even  require 
to  make  no  effort  at  all,  or  scarcely  any,  when  the  centre  falls  upon, 
or  very  near,  the  left  uniplantar  axis.  In  this  way  the  child  learns 
to  use  his  left  limb  as  an  axis  of  support,  while  he  employs  the 
right  as  an  instrument  of  propulsion,  often  for  a  long  period  before 
he  ventures  to  rest  upon  it ;  and  even  after  he  has  learned  to  do  it 
upon  level  ground,  he  relies  upon  the  lefb  foot  for  balance  in  com- 
ing down  a  stair,  and  in  other  movements  where  equilibrium  is 
endangered.  To  this  natural  tendency  are  soon  added  habit  and 
the  influence  of  the  greater  development  of  the  muscles  of  the  right 
lower  limb  used  in  propulsion;  and  so  the  child  becomes  right- 
footed.  It  is  not  till  long  after  that  the  right  arm  acquires  its 
predominance,  and  by  a  totally  difierent  mechanism — viz.,  by  the 
right  arm  becoming  an  appendage  of  the  left  uniplantar  axis,  on 
the  upper  end  of  which  it  rests  ;  and  so  participating  in  the 
revolutions  of  the  axis,  it  acquires  a  velocity  of  movement  and 
a  momentum  additional  to  its  own.  But  for  that  subject  I  must 
refer  to  the  Proceed,  Phil.  Soc,  1862.  I  may,  hpwever,  remark 
that  if  the  predominance  of  the  right  upper  limb  be  later  of 
being  acquired  than  that  of  the  lower,  it  very  soon  becomes  much 
more  absolute,  which  arises  from  there  being  so  many  actions 
that  require  only  one  hand  to  perform  them,  while  the  action  of 
the  two  lower  limbs  in  locomotion  is  necessarily  alternate. 

Pbop  X. — Theob. 

When  the  centre  of  gravity  fade  below  the  transverse  cucis,  the  perpen- 
dicular line  drawn  from  the  centre  to  the  right  uniplantar  axis  is  shorter 
than  the  perpendicular  drawn  to  the  left  uniplantar  axis,  and  tfds 
position  of  the  centre,  arising  from  bodily  conformation,  gives  to  those 
so  made  a  natural  tendency  to  use  the  left  hand.     (See  Fig.  4.) 

The  mechanical  conditions  of  the  problem  are  here  exactly 
reversed ;  and  in  consequence  the  child  placed  in  exactly  the 
same  circumstances^  and  passing  through  the  same    process  of 
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instinctiye  education,  becomes,  in  the  first  instance,  left-footed^ 
and,  in  the  sequel,  left-handed. 

I  shall  advert  to  only  one  difference  of  a  mechanical  kind.  In 
right-handed  persons  the  congenital  inclination  of  the  centre  of 
gravity  to  the  right,  depending  on  the  weight  and  relative  position 
of  the  viscera,  is  gradually  increased  by  the  gradually  increasing 
development  of  the  muscles  of  the  right  side.  In  the  left-handed, 
again,  the  reverse  happens,  for  the  gradual  development  of  the 
muscles  of  the  left  side  makes  the  centre  of  gravity  gradu^dly 
approximate  more  to  the  mesial  plane. 

The  best  account  of  left-handedness  which  I  have  seen  is  contained 
in  a  most  ingenious  and  erudite  dissertation  on  right-handedness  by 
Professor  Wilson  of  the  University  of  Toronto.*  Being  naturally 
left-handed  he  speaks  with  authority,  as  he  gives  a  most  interesting 
and  graphic  description  of  the  peculiarities  oi  left-handed  persons, 
and  of  the  disadvantages  and  many  advantages  derived  therefrom. 
He  gives  also  a  most  emphatic  testimony,  derived  from  an  experience 
of  more  than  fifty  years,  as  to  the  inherent  and  "unconquerable 
impulse  to  prefer  the  left  hand,"  which  he  himself  has  always  had, 
and  feels  now  as  strongly  as  ever.  He  adduces,  moreover,  the  ex- 
ample of  others,  on  whom  not  the  smallest  effect  was  produced  by 
persuasion  nor  by  authority,  although  accompanied  with  threats 
and  imputations  of  obstinacy  or  more  serious  moral  delinquency, 
and  at  length  with  coercion,  by  tying  up  the  limb  till  the  parent 
relented  from  the  fear  of  inferring  permanent  injury.  He  concludes, 
as  appears  to  me  most  justly,  that  a  bias  so  strong,  as  well  as  the 
more  general  bias  in  the  opposite  direction,  must  have  its  origin  in 
organic  structure* 


Prop.  XI. — Theob. 

When  the  centre  of  gravity  falls  upon  the  transverse  axis^  the  perpen- 
dicular lines  drawn  from  the  centre  to  the  two  uniplantar  axes  are 
of  equal  length  ;  and  there  is  no  instinctive  tendency  to  rest  on  the  <me 
axis  rather  than  upon  the  other,  or  to  call  into  actum  ijie  muscles  of  the 
one  side  of  the  body  in  preference  to  those  of  the  other.     (See  Figs.  3,  9.) 

This  ought,  perhaps,  to  be  considered  as  the  most  happy  conforma- 
tion of  body,  being  that  in  which  the  movements  of  both  sides  of 
the  body  are  alike  natural,  because  both  are  alike  easy  and  secure. 

•  Right-handedness.  By  Daniel  WiUon,  LL.D.,  Professor  of  Histozy  and 
English  literature  in  University  College,  Toronto. 
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It  belongs,  I  believe,  more  especially  to  the  fem&le  sex,  and  con- 
stitutes one  of  the  many  reasons  for  our  admiration  of  them.  It  is 
this  that  so  often  renders  a  young  girl  a  perfect  model  of  grace  and 
agility;  but  it  must  be  while  she  is  still  arrayed  in  her  simple  tunic, 
before  the  dressmaker  has  circumscribed  the  freedom  of  her  limbs, 
and  impeded  the  healthful  play  of  her  ribs  and  lungs.  It  is  the 
same  conformation  that  enables  the  ballet-dancer  to  whirl  round  on 
her  one  foot  till  the  spectators  are  giddy  with  looking  at  her,  when 
she  completes  her  triumph  by  revolving  with  the  same  ease  and 
grace  on  her  other  foot  also. 

If  accurate  statistics  could  be  obtained,  I  believe  it  would  be 
found  that  while  a  very  great  majority  of  males  are  right-handed, 
the  proportion  of  females  is  less ;  and  that,  on  the  contrary,  a  larger 
proportion  of  females  than  of  males  are  ambidextrous  or  left-handed. 
Medical  men  will  readily  perceive  the  reasons  for  forming  such  an 
opinion,  but  I  have  been  led  to  adopt  it  as  much  from  the  imperfect 
observations  I  have  been  able  to  make  as  from  theoretical  grounds. 
Such  observations  are  attended  with  great  difficulty  in  the  upper 
classes  of  society,  where  the  rigour  of  conventionality  is  so  great  as 
to  obliterate  all  trace  of  primitive  differences  among  individuals. 
Probably  the  most  reliable  statistical  information  could  be  obtained 
from  the  owners  or  superintendents  of  large  factories  where  female 
workers  are  employed. 
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November  8,  1876. 

The  Philosophical  Society  of  Glasgow  met  this  evening  in  the  West 
Hall  of  the  Upper  Corporation  Buildings,  Professor  Sir  William 
Thomson,  LL.D.,  D.C.L.,  the  President,  in  the  Chair.  • 

The  following  gentlemen  were  elected  members  of  the  Society, 
having  been  proposed  at  the  last  meeting,  or  subsequently,  viz. : — 

Mr.  William  J.  Easton,  Writer,  150  Eegent  Street ;  Mr.  John 
Strain,  Civil  Engineer,  143  West  Eegent  Street ;  Mr.  John  Mac- 
kinlay,  Marine  Insurance  Broker,  St.  Vincent  Place ;  Mr.  John 
Thomson,  Alliance  Foundry  ;  Mr.  James  Manwell,  Contractor, 
2  Albert  Road,  Pollokshields ;  Mr.  William  James  Fleming,  M.B., 
155  Bath  Street;  Mr.  Arch.  D.  Stewart,  M.B.,  L.RC.S.Ed., 
14  Dunmore  Terrace,  Derby  Street;  Mr.  William  Younger,  St. 
Eollox  Chemical  Works ;  Mr.  James  Brown,  Optician,  76  St.  Vin- 
cent Street ;  Dr.  James  Stirton,  L.R.C.S.E.,  15  Newton  Street ; 
Mr.  Peter  Hately  Waddell,  Jun.,  Student,  75  Hill  Street,  Garnet- 
hill  ;  Mr.  Henry  E.  Clark,  L.R.C.S.Eng.,  9  Elmbank  Street ;  Mr. 
Hazel  ton  R.  Eobson,  Engineer,  14  Eoyal  Crescent,  W. ;  Mr. 
William  Gemmel,  Writer,  150  Hope  Street ;  Mr.  John  Muir,  6  Park 
Gardens ;  Mr.  James  Lilburn  Macfarlane,  Engineer,  Oswald  Hill, 
Partick  ;  Mr.  Samuel  Macfarlane,  Merchant,  Oswald  Hill,  Partick  ; 
Mr.  Henry  Eoss,  Merchant,  7  Park  Quadrant ;  Mr.  Patrick  Falconer, 
Merchant,  11  Both  well  Place,  Hillhead  ;  Dr.  A.  M.  Buchanan,  Pro- 
fessor of  Anatomy,  Anderson's  University,  149  St.  George*s  Eoad  ; 
Mr.  William  Dennison,  C.K  and  Land  Surveyor,  175  Hope  Street ; 
Mr  Alexander  Frew,  C.E.  and  Land  Surveyor,  175  Hope  Street. 

Mr.  George  Watson  and  Mr.  Alexander  Whitelaw  were  appointed 
Auditors  of  the  Treasurer's  Accounts. 

Sir  William  Thomson  delivered  an  Address  "  On  Dr.  Kerr's 

Electro-optic  and  Magneto-optic  Discoveries,  and  their  relation  to 

Faraday's  previous   Investigations  and  Discoveries  in  the  same 

field." 
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November  15,  1876. 

The  Seventy-fifth  Annual  General  Meeting  of  the  Philosophical 
Society  of  Glasgow,  for  the  Election  of  Office-bearers  and  other 
business,  was  held  this  evening  in  the  West  Hall  of  the  Upper 
Corporation  Galleries, — Dr.  Andrew  Fergus,  M.R.C.S.Ebig.,  Vice- 
President,  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz. : — 

Mr.  David  Gilchrist,  Engineer,  Beech  Villa,  Pollokshields ;  Mr. 
James  W.  Alexander,  3  Fitzroy  Place;  M.  K  R.  Home,  C.K, 
150  Hope  Street;  Mr.  Arthur  Mechan,  Copper  and  Tinsmith, 
118  Cheapside  Street;  Mr.  James  Templeton,  Manufacturer,. 
7  Woodside  Crescent ;  Professor  Huxley  was  elected  an  Honorary 
Member. 

Mr.  W.  Keddie,  the  Secretary,  read  the  Annual  Report  by  the 
Council  on  the  State  of  the  Society,  which  was  approved  of,  and 
ordered  to  be  printed  in  the  Proceedings, 

Report  on  the  State  of  the  Society,  1875-76. 

1.  Membership. — The  number  of  members  on  tlie  roll  at  the 
beginning  of  Session  1875-76  was  600  ;  during  the  Session  67  were 
added,  and  2  were  reinstated  from  the  suspense  list, — making  in 
all  669.  Of  this  number  14  resigned  ;  7  left  Glasgow,  their  names 
being  placed  on  the  suspense  list ;  9  died  ;  and  1  was  struck  off  for 
non-payment  of  annual  subscriptions, — leaving  on  the  roll  at  the 
beginning  of  the  present  Session,  638. 

2.  Sections. — The  Section  of  Architecture  was  resuscitated,  and  a 
Section  of  Biology  was  constituted,  during  the  Session  ;  and  the 
activity  shewn  by  both  Sections  promises  to  add  materially  to  the 
interest  and  usefulness  of  the  Society. 

3.  The  Proceedings, — The  printed  Proceedings  of  the  Session, 
along  with  the  Minutes  and  usual  lists,  extended  to  222  pages, 
being  the  same  number  as  in  the  part  for  the  previous  Session. 
The  papers  printed  were  the  following,  viz. : — "  Report  on  the  Pro- 
duction of  Nitric  Acid  from  the  Free  Nitrogen  of  the  Air,"  by  Mr. 
E.  M.  Dixon,  B.Sc.,  which  was  read  before  the  Chemical  Section. 
"  On  the  Economy  of  Napier's  Stove,"  by  Mr.  John  Mackenzie,  C.K, 
Bristol.  "On  a  Waste-preventing  Water  Tap,"  by  Mr.  William 
Ross.  "  On  a  Boat-lowering  Apparatus,"  by  Captain  Barr.  "  On 
a  Rope  Catch  for  Turners,"  and  "  On  a  Sandpaper  Catch  for  Turners/* 
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by  Mr.  James  It.  Napier.     "  On  a  simple  means  of  keeping  Bis- 
cuits, &c.,  Dry,"  by  the  late  Mr.  Walter  Cnim.     "Introductory 
Address  to  the  Chemical  Section,"  by  Professor  Ferguson,  M.A. 
"  Notes  on  the  Physical  Geography  and  Natural  History  of  the 
North  Coast  of  Australia,"  by  the  late  Francis  Napier,  Esq.,  com- 
municated by  Mr.  James  R.  Napier.     "  Oh  the  Gfenesis  of  Atoms, 
Worlds,  and  Sun-spots,"  by  Dr.  Henry  Muirhead.     "  Communica- 
tions from  the  Chemical  Laboratory  of  Andferson's  University,"  by 
Professor  W.  Dittmar,  read  before  the  Chemical  Section.     "On 
some  Modem  Tlieories  of  the  Nature  and  Origin  of  Life,  regarded 
in  a  Physiological  Aspect,"  by  Dr.  Eben.  Watson,  A.M.,  from  the 
Biological  Section.     "  On  Ancient  Mortars  and  Cements,*'  by  Mr. 
James  Napier,  Chemist.     "  Ekperiments  illustrating  Rigidity  pro- 
duced by  Centrifugal  Force,"  by  Mr.  John  Aitken,  Falkirk.     "  On 
the  Current  Doctrines  of  Attraction  and  Energy— a  Kinetic  Theory 
of  the  Cosmos — and  an  Appendix  on  the  Influence  of  the  Positions 
and  Motions  of  the  Orbs  of  the  Solar  System  on  Terrestrial  Mag- 
netism and  Allied  Phenomena,"  by  Dr.  Henry  Muirhead.     "  De- 
scriptions of  New  Species  of  Rugose  Corals  from  the  Carboniferous 
Rocks  of  Scotland,"  by  Professor  H.  Alleyne  Nicholson,  M.D.,  of 
St  Andrew's  University,  and  Mr.  James  Thomson,  F.G.S.     "  On  a 
Compass  Binocular  Field  Glass  for  Rough  Survey," "by  Lieut.  R.  E. 
Barker,  R.N.,  communicated  by  Mr.  James  R.  Napier.     "On   a 
Masthead  Light  for  approximately  shewing  the  Cdurse  a  Vessel  is 
Steering,"  by  Capt.  Jacob  Holm,  communicated  by  Mr.  James  R. 
Napier.     "  On  a  Method  of  Checking  the  Distances  Travelled  by 
Passengers  in  Wheel  Carriages,"  by  Mr.  Young  of  Kelly.     "  On 
the  Interference  of  certain  Metals  with  the  Accuracy  of  the  Process 
for  Estimating  Copper  by  Cyanide  of  Pdtassium,''  by  Mr.  Robert  T. 
Thomson,  read  before  the  Chemical  Section.  Extract  from  a  Letter  of 
WUliam  Froude,  Esq.,  C.E.,  F.KS.,  to  Sir  WilHam  Thomson,  "  On 
the  Vena  Contracta,"  read  and  commented  upon  by  the  President. 
"On  the  Vena  Contracta,"  by  Professor  James  Thomson,  LL.D.,C.E. 
"  Remarks  on  the  Communications  on  the  Vena  Contracta,"  by 
Mr.  R.  D.  Napier.     "Description  of  recently  discovered  Foreign 
Lichens,"  by  Dr.  James  Stirton.     "  Spontaneous  Evolution  and  the 
Germ  Theory  of  the  Propagation  of  low  forms  of  Life,  with  Experi- 
ments on  the  Limits  of  Vital  Resistance  to  Heat,"  by  Dr.  Neil 
Carmichael.     These  two  Papers  were  contributed  by  the  Bio^logical 
Section.     Nine  of  the  communications  proceeded  from  the  Pnysical 
Section.     "  On  a  Method  of  Trisecting  an  Angle,"  by  Mr.  Thomas 
Muir,  A.M. 
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Amongst  the  unprinted  proceedings  of  tlie  Society  "were  •*  An 
Account  of  Laplace's  and  Airy's  Dynamical  Theories  of  the  Tides,'' 
given  by  Professor  Sir  William  Thomson,  the  Preaidenty  at  the 
opening  of  the  Session.  Description  by  ^r.  James  Thomson,  F.G.S., 
of  Blocks  of  Sandstone  with  the  marks  of  Implements,  got  twenty 
feet  below  the  surface  at  Stobcross  Docks.  Description  by  Dr. 
"Wallace  of  an  apparatus  for  Evaporating  Oil  of  Vitriol,  the  inven- 
tion of  Junius  Gridley  of  New  York.  Description  bj  Mr.  J.  J. 
Coleman  of  the  apparatus  used  in  his  recent  researches  on  the 
Condensation  of  Hydrocarbon  Gases.  Description  by  Mr.  Mortimer 
Evans  of  Crookes's  Radiometer.  The  first  part  of  a  paper  by  Mr. 
H.  D.  Scott-Moncrieff  (read  in  his  absence  by  Professor  George 
Forbes),  "  On  the  Storage  of  Air  applied  to  Locomotives."  The 
results  of  Experiments  to  Test  the  Loss  of  Light  in  Red  and  Green 
Railway  Signal  Lamps  were  stated,  and  an  improved  system  of 
Railway  Signalling  was  proposed,  by  Dr.  William  Wallace.  The 
Type -writing  Machine  was  shewn  in  operation  by  the  Rev.  Mr. 
Macrae  of  Gourock.  Mr.  Edward  A.  Wunsch  gave  an  account  of 
an  Experiment  in  Oyster  Culture  at  Fairlie. 

The  Society  reconstructed  its  Committee  appointed  in  last  Session 
to  watch  over  the  Free  Libraries  and  Museums  Act,  with  special 
reference  to  the  Mitchell  Bequest.  The  new  Committee  received 
full  powers  to  deal  with  the  whole  question,  and  to  enlarge  the 
number  of  its  members,  in  virtue  of  which  it  entered  into  active 
co-operation  with  many  influential  citizens  friendly  to  the  institu- 
tion of  a  Free  Library,  and  took  a  leading  part  in  promoting  the 
public  meeting  of  ratepayers  which  was  held  on  the  subject  in 
April,  1876.  A  full  report  on  the  proceedings  of  the  Conriniittee, 
and  the  adverse  issue  of  the  public  meeting,  was  given  in  to  the 
Society  on  the  10th  of  May,  by  Mr.  James  Cleland  Bums,  the  Con- 
vener, when  the  Committee  was  reappointed,  **  with  full  powers  to 
watch  over  the  subject  of  Free  Public  Libraries,  with  special  refer- 
ence to  the  Mitchell  Bequest." 

The  Society  held  a  special  meeting  on  March  29,  1876,  for  the 
purpose  of  considering  the  Patents  for  Inventions  Bill  tlien  before 
Parliament.  A  Committee  was  appointed  to  prepare  resolutions 
embracing  such  amendments  as  were  deemed  necessary,  and  draw 
up  a  petition  to  the  House  of  Commons  founded  upon  the  reso- 
lutions. The  petition  is  printed  in  the  Froceedi7igs,  along  with 
the  proposed  amendments,  and  the  reasons  for  recommending  them. 
These  were  widely  circulated  amongst  public  bodies  throughout  the 
kingdom,  and  attracted  much  attention. 
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The  CoTxncil  have  to  report  with  regret  that  Mr.  Dixon  has 
resigned  the  office  of  Librarian,  in  consequence  of  his  finding  its 
duties  to  interfere  with  the  important  chemical  investigation  into 
the  state  of  the  atmosphere,  which  he  is  engaged  in  prosecuting. 
The  labour  undergone  by  Mr.  Dixon  in  re-arranging  the  Library 
and  preparing  a  new  Cktalogue  has  been  of  such  an  arduous  descrip- 
tion as  to  entitle  him  to  the  warmest  acknowledgments  of  the 
Society. 

[The  remainder  of  the  Beport  was  occupied  with  a  detailed 
account  of  the  arrangements  made  by  a  Committee  of  Council  for 
entertaining  the  British  Association  at  a  Conversazione  in  honour 
of  its  visit  to  the- City  in  September,  1876.  This  portion  of  the 
Report,  including  list  of  subscriptions,  was  printed  separately,  and 
circulated  amongst  the  subscribers  and  other  members  of  the 
Society  early  in  the  Session.  Only  ihe  principal  facts  are  noted 
here.] 

The  Society  having  resolved  "  That  the  funds  to  be  placed  at  the 
disposal  of  the  Council  for  the  purpose  of  entertaining  the  British 
Association,  on  the  occasion  of  its  visit  to  Glasgow  in  September 
next,  be  provided  by  the  voluntary  subscriptions  of  the  members  of 
the  Society,*'  prompt  measures^  were  adopted  for  raising  an  adequate 
fund,  and  the  subscnptions  ultimately  amounted  to  £264^  6&  6d., 
received  from  236  members  and  1  non-member,  out  of  roll  of  641. 
The  following  Members  of  Council  were  appointed  a  Committee  to 
carry  out  the  arrangements  for<the  Conversazione,  with  full  powers, 


Tiz.:- 


Mr.  James  Deas,  Convener, 
Mr.  Edward  M,  Dixon.. 
Dr.  Fergus. 
Professor  Ferguson* 
Mr.  John  Honeymam 
Mr.  John  Jex  Long. 
Mr.  John  Mann. 


Dr.  Henry  Muirhead. 
Mr.  James  R.-  Napier. 
Mr.  Archibald  Robertson. 
Mh.  Sigismund  Schuman. 
Mr.  W.  R.  W.  Smith. 
Dr.  Eben.  Watson. 
Mr.  Edward  A.  Wiihsch. 


With  the  addition  of  the  following  members  of  the  Society,  viz. : — 

Mr.  A.  G.  Macdonald,  Mr.  James  Mactear. 

Dr.  James  Morton.  Mr.  John  Robertson. 

Mr.  Thomas  Muir.  Mr.  James  Thomson. 

The  duties  allotted  to  four  Sub-Committees,  involving  a  great 
amount  of  personal  attention,  were  cM*ried  out  with  alacrity  by  the 
members;  whose  labours  only  ended  on  the  eve  of  the  Conversazione* 
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The  General  Committee  held  nine  meetings  for  the  purpose  of 
directing  the  preparations  and  conducting  the  neceasary  corre- 
spondence. 

The  Conversazione  took  place  in  the  Corporation  Gralleries  on 
Thursday  evening,  the  7th  of  September.  Tickets  of  admission 
(2,000  in  number)  were  placed  at  the  disposal  of  all  the  members 
and  associates  of  the  British  Association.  Of  the  Philosophical 
Society,  237  members  who  had  subscribed  to  the  fund  received  two 
tickets  each,  making  in  all  474.  Single  tickets  were  provided  for 
non-subscribing  members  of  the  Society  and  others.  The  total 
number  of  tickets  issued  hy  the  Committee,  over  and  above  those 
sent  to  the  Association,  was  upwards  of  520,  inclciding  compli- 
mentarjr  tickets.  The  total  attendance  of  ladies  and  gentlemen 
was  1,560.  The  Conversazione  was  universally  acknowledged  to 
have  been,  in. all* respects,  worthy  of  the  occasion.  The  expenses 
amounted  to  £258,  19s.  2d. 

Mr.  JoIhi  Ildbert60ti,-Interim  Librarian,  read  the  Annual  Report 
by  the  Library  Committee  on  the  State  of  the  Library,  which  was 
approved  of;  and  ordered  to  be  ^printed  in  the  Proceedings 

Library  Comxittek's  Report. 

Your  Committee  have  to  report  that  during  the  past  year  a 
thorough  examination  of  the  books  of  the  Library  has  been  made 
under  the  direction  of  Mr.  Dixon,  with  the  object  of  preparing  a 
new  catalogue.  They  regret  to  find  that  a  considerable  number  of 
works  are  in  a  more  or  less  imperfect  state,  and  that  this  is  espe- 
cially true  with  regai'd  to  those  works  which  are  received  in  exchange 
from  other  societies.  They  have  been  trying,  and  will  continue  to 
try,  to  re-open  their  connection  wherever  it  has'been  broken.  There 
are  still  many*^  important  scientific  bodies,' both  at  home  and  abroad, 
with  whom  no  exchanges  have  hitherto  been  made.  The  Committee 
hope  in  time  to  arrange  for  receiving  the  Transactions  of  some  of 
these. 

With  regard  to  the  new  catalogue,  afiier  a  full  consideration  of 
the  best  methods  of  constructing  a  catalogue,  the  plan  in  operation 
at  the  Glasgow  Univei*sity  Library  has  been  adopted.  When  the 
plan  has  been  carried  out,  there  will  be  two  large  printed  catalogues 
lying  in  the  Library* for  the  use  of  the  Sub-librarian  and  members. 
One  will  contain  the  titles  of  all  the  books  arranged  according  to 
.their  subjects,  and,in  each  subject,  alphabetically,  according  to  their 
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autliors*  names.  This  catalogue  will  be  so  constructed  that  ample 
space  will  be  left  for  the  insertion,  in  its  proper  place,  of  any  book 
which  may  afterwards  be  added  to  the  Library.  When  completely 
made  up,  a  copy  of  it  in  somewhat  smaller  type  will  be  printed  for 
distribution  among  the  members.  Should  a  new  catalogue  be  re- 
quired for  the  use  of  the  members  at  any  future  time,  the  great 
labour  involved  in  preparing  it  will  be  entirely  obviated,  as  the 
large  catalogue  will  always  be  up  to  date,  and  a  copy  of  it  can  be 
printed  at  once.  The  second  catalogue  referred  to  will  be  a  very 
valuable  one.  It  will  have  the  titles  of  all  the  books  on  each  shelf 
arranged  in  order  under  the  number  of  the  shelf.  From  the  ex- 
treme tediousness  of  the  work,  stock  of  the  Library  seems  to  have 
been  very  seldom  taken,  notwithstanding  the  existence  of  a  rule  to 
that  effect.  With  this  catalogue,  stocktaking  will  occupy  a  few  hours 
only  every  year.  Besides,  should  it  be  found  desirable  to  re-arrange 
the  books,  or  to  remove  them  to  a  new  library,  a  new  shelf-catalogue 
could  be  constructed  as  the  books  are  being  re-arranged,  and  without 
incurring  any  expense.  A  list  of  all  the  works  in  the  Library 
which  are  complete  has  been  already  printed,  and  although  the 
process  is  necessarily  slow  and  laborious,  the  Committee  hope  to 
have  the  large  catalogue  ready  at  an  early  date  for  the  use  of  the 
members. 

During  the  past  year  76  volumes  and  137  parts  of  works  have 
been  added  to  the  Library  by  purchase  ;  27  volumes,  154  parts,  and 
1  pamphlet  have  been  received  in  exchange ;  5  volumes  and  9 
pamphlets  have  been  presented  by  members  ]  and  15  volumes  have 
been  presented  by  Her  Majesty's  Commissioners  of  Patents.  At 
present  exchanges  are  made  with  84  Societies.  180  volumes  have 
been  bound,  or  are  in  the  hands  of  the  binder. 

The  thanks  of  the  Society  are  due  to  those  gentlemen  who  have 
added  some  valuable  books  to  the  Library  by  presentation.  Ac- 
knowledgment of  these  will  be  found  in  the  Proceedings*  Thanks 
are  also  due  to  Dr.  Muirhead  for  the  presentation  of  a  copy  of  a 
photograph  of  the  General  Committee  of  the  British  Association, 
1876. 

As  the  library  of  a  Philosophical  Society  ought  not  only  to  be 
purely  scientific,  but  should  represent  fully  all  the  branches  of 
science,  the  Committee  earnestly  request  the  sections  and  members 
to  look  to  this,  and  make  a  free  use  of  the  Recommendation  Book, 
which  lies  in  the  Library.  They  also  request  the  attention  of  the 
members  to  the  arrangements  that  have  been  recently  made  with  a 
view  to  prevent  books  from  remaining  unreasonably  long  in  some 


422  Philosophical  Soddy  of  Glasgow. 

members'  handB,  to  the  inconvadenoe  <^  others ;  and  thej  liope  that 
every  member  will  make  it  a  point  to  return  any  book  in  his  pos- 
session upon  receivii^  a  request  to  that  effect  from  the  Liibrarian. 
On  the  other  hand,  any  member  wishing  a  book  whi^  is  at  the 
time  in  the  hands  of  another  member,  is  requested  to  write  his 
name,  the  title  of  the  book,  and  the  date  in  a  book  which  lies  in  the 
Library,  and  the  Sub-librarian  will  give  notice  as  soon  as  the  book 
is  returned. 

The  Statement  of  Accounts  for  Session  1875-76,  by  Mr.  Mann, 
the  Treasurer,  having  been  printed  in  the  circular  calling  the 
meeting,  was  held  as  read,  was  approved  o^  and  ordered  to  be 
printed  in  the  Frooeedinga. 

Abstract  of  Treasurer's  Account. 

Session  1875-76. 
Dr. 
1875.    Nov.  1. 

To  Balance  from  last  Seaaion — 

InyestmeDt  with  Ck>rporatioB  Water  Coin- 

misaionen, £400    0    0 

Deduct,  Balance  dae  Treasurer,  .  .  149    3    0 

Net  Fonda, £250  17    0 

187a    Oct  31. 
To  Entry  Money  and  Dues  from  67  New  Mem- 
bers, at  428., £140  14    0 

Annual  Dues  from  2  Original  Members,  at  58.,  0  10    0 

Annual  Dues  from  584  Members,  at  2l8.,      .  613    4    0 

„  Chemical  Section— 7  Associates  for  1874-75, .  £1  15    0 

38       do.       for  1875-76^ .  9  10    0 

11     5    0 

„  Sanitary  Section— 22  Associates  for  1875-76,  at  5b.,      .       .  5  10    0 

, ,  Corporation  of  Glasgow,  interest  on  **  Exhibition 

Fund," £49  11    8 

,  Interest  frt>m  Bank, 6    0    2 

„      Do.     from   Corporation  Water  Commis- 
sioners,      15  17    4 

71    9    2 

„  Catalogues  sold,  10  at  1&,     .       .        .        .  £0  10    0 

„  Proceedings  sold, 0  15  10 

„  Waste  Paper  sidd, 0  14    5 

2    0    3 

„  Subscriptions  for  Conyersaiione  to  the  Brxtiah 

Association,  from  237  Members,  .        £264    6    6 

„  Interest  frt>m  Bank  on  ditto,         .        .       .  0  14    8 

£265    1    2 
„  Expenses  of  Conyersazione^        t       •       •  ^^  19    2 

6    2    0 

£1,101  11  "s 
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Ciu 

187&    Oct.  31. 

By  Salaries  and  Wages,     .        ; X174  18  7 

l^ew  Books  and  Binding, 117  6    1 

Printing  Proceedings^  Circnlars,  kc^ 134  6  5 

Postage  and  delivery  of  Circulars,  ftc,          .        .        .  37  3  1 

Stationery, 11  13  11 

Lithographing  and  Printing  Plates  for  ProceedingSf      .        .  9  15  0 

Bents, 130  0  0 

Insuraiu*'',  Ga%  Coal,  Cleaning,  &e. , 27  6  11} 

Furnishings  and  Repains 21  7  6 

Petty  Charges  and  Sundries,        .        .        »        .        .  3  0  5} 

Subscriptions  to  Bay  Society^  1876,      .  .£110 

„  Palsontographical  Society,  1876,      110 

2    2    0 

Chemical  Section — Expenses  per  Treasurer  of  Section, .  .  7  17    0 

Sanitary  Section — Expenses  per  Secretary  of  Section,  .  .  2    9    8 

Balances,  viz. : — 

Investment  with   Coiporation  Water   Cobi- 

missioners, £400    0  0 

In  Union  Bank  of  Scotland,   ...  19    4  5 

In  Treasurer's  hands,     .        .        .        .  3    0    4 

422    4    9 


£1,101  11    5 


Glasoow,  9th  November,  IS76. — We^  ther  Auditors  appointed  to  examine  the 
Treasurer's  Accounts,  for  the  year  1875-76,  have  examined  the  same,  of  which 
the  above  is  an  Abstract,  and  have  found  them  correct,  the  Balances  at  31  st 
October  last  being— Investment  with  Corporation  Water  Commissioners,  Four 
hundred  pounds ;  in  Union  Bank  of  Scotland,  Nineteen  pounds  four  shillings 
and  fivepence ;  and  in  the  Treasurer's  hands.  Three  pounds  and  fourx)ence — 
making  a  net  Fund  of  £422,  48.  9d. 

(Signed)        GEORGE  WATSON. 
ALEX.  WHITELAW. 

The  Society  then  proceeded  to  the  election  of  Office-bearers. 

It  was  moved  by  the  Chairman,  and  carried  by  acclamation, 
that  Dr.  William  Wallace,  F.R.S.E.,  F.C.S.,  be  appointed  Vice- 
President,  in  room  of  Dr.  Allen  Thomson,  whose  term  of  office  had 
expired. 

It  was  moved  by  the  Chairman,  and  carried  by  acclamation,  that 
Mr.  John  Kobertson  be  appointed  Librarian,  in  room  of  Mr.  Edward 
M.  Dixon,  resigned. 

The  Society  voted  its  warmest  thanks  to  Mr.  Dixon  for  the 
labour  he  had  bestowed  on  the  re-arranging  of  the  Library,  and  the 
preparation  of  a  new  Catalogue. 
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The  re-election  of  Mr.  John  Mann,  C.A.,  the  Treasure!*,  and 
Mr.  William  Keddie,  Secretary,  was  proposed  hy  the  Chairman, 
and  agreed  to  bj  acclamation. 

The  Chairman  stated  that,  in  addition  to  the  four  vacancies 
caused  in  the  Council  by  the  retiring  by  rotation  of  Mr.  Sigismund 
Schuman,  Dr.  Muirhead,  Mr.  John  Jex  Long,  and  Mr.  Archibald 
Kobertson,  a  fifth  vacancy  had  now  occurred  by  the  election  of 
Dr.  Wallace  to  the  office  of  Vice-President.  The  Society  would 
therefore  ballot  for  five  members,  and  of  that  number  the  gentle- 
man having  the  fewest  votes  would  take  the  place  vacated  by 
Dr.  Wallace,  and  continue  in  office  during  the  last  ef  the  three 
years  for  which  that  gentleman  had  been  elected  to  serve. 

The  following  gentlemen  were  nominated  to  fill  the  five 
vacancies,  viz. : — Mr.  Ed.  M.  Dixon,  Mr.  Thomas  Muir,  Professor 
Gairdner,  Mr.  J.  J.  Coleman,  Professor  Forbes,  Mr.  James 
Mactear,  Mr.  John  Mayer,  Dr.  MacKinlay,  Mr.  Ed.  C.  C.  Stan- 
ford, Mr.  N.  Dunlop. 

Mr.  John  M'Gavin  and  Mr.  Gavin  Irving  Dickson  consented  to 
act  as  Scrutineers  of  votes. 

The  Scrutineers  reported  that  the  following  had  the  greatest 
number  of  votes  : — 

Mr.  Ed.  M.  DixoH, 
Mr.  Thomas  Muir, 
Mr.  James  Mactear, 
Professor  Gairdner, 
Professor  Forbes, 

These  gentlemen  were  therefore  declared  by  the  Chaiiman  to 
have  b^en  duly  elected  members  of  the  CounciL 

Dr.  Eben.  Watson,  President  of  the  Biological  Section,  delivered 
the  Opening  Address  to  that  Section,  for  which  he  received  the 
thanks  of  the  Society. 


68  votes. 

52 

» 

47 

» 

45 

» 

38 

» 

November  22,  1876.— Dr.  Fergus,  Vice-PresiderUy  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz. :  — 
Rev.   George  Reith,  M.A.,  Free   College   Church  (16  Queen's 
Crescent);    Mr.   Thomas  Lennox  Watson,  Aixshitect,    137   West 
Regent  Street;  Mr.  Thomas  Miller,  Engineer,  65  Bath  Street; 
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Mr.  James  Paton,  Curator  of  Kelvingrove  Museum,  35  Kelvingrove 
Street. 

Professor  Ferguson,  President  of  the  Chemical  Section,  delivered 
the  Opening  Address  to  that  Section,  and  receisv=ed  a  vote  of  thanks 
from  the  Society,  proposed  by  the  Chairman,  seconded  by  Mr. 
Edward  C.  C.  Stanford. 

Mr.  Edward  M.  Dixon  described  a  method  which  he  has  dis- 
covered for  estimating  the  amount  of  sulphur  in  the  air. 


Novemher  29,  1876. — Dr.  Wallace,  VicePresiderU,  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz. : — 

Mr.  W.  H.  Hannay,  Oil  Merchant,  76  Buccleuch  Street;  Mr. 
Robert  H.  Moore,  Engineer,  32  Richmond  Street ;  Mr.  Wm.  Clark, 
Thread  Manufacturer,  Mile-End ;  Mr.  William  Robertson  Copland, 
M.  Inst.  C.E.,  83  West  Regent  Street;  Mr.  James  Morton,  Turkey 
Red  Works,  DalquTium,  Renton. 

Mr.  John  Honeyman,  F.R.I.B.A.,  President  of  the  Architectural 
Section,  delivered  the  Opening  Address  to  that  Section,  and,  on  the 
motion  of  the  Chairman,  received  the  thanks  of  the  Society. 

Mr.  Laurence  Hill,  C.E.,  exhibited  and  described  an  Electro- 
Magnetic  Governor  for  "Steam-^ships,  and  received  the  thanks  of  the 
Society. 


December  13,  1876. — Dr.  Fergus,  Vice-President,  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz.  : — 

Mr.  Timothy  Bost,  Iron  Merchant,  33  Renfield  Street;  Mr. 
John  Urie,  Photographic  Artist,  83  Jamaica  Street;  James 
Christie,  A.M.,  M.D.,  281  Sauchiehall  Street 

Mr.  Alexander  Morton  read  a  paper  "  On  Experiments  on  the 
Maximum  Elasticity  and  Density  of  Vapouri" 

The  Society  adjeumed  for  the  holidays  till  the  10th  of  January. 


Jcmuary  10,  1877. — Sir  William  Thomson,  LL.D.,  President, 

in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz.  : — 
Mr. William  M*Culloch,  Merchant,  147  Argyle  Street;  Mr. Charles 
James  Kerr,  Timber  Merchant,  42  St.  Vincent  Crescent ;  Mr.  John 
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■ 
Stewart,  Timber  Mercbani,  Western  Saw-Mills;   Mr.    Arcbibalcl 

Dunlop,  Grain  Dealer,  10  Rojal  Terrace;    Mr.  Peter   McGregor 

Wilson,  Brassfonnder,  Home  Park,  TJddingston  >  Mr.  Archibald 

Hewat,   Actuary,   20   Belmont    Crescent,   Billhead  *    Mr.    Daniel 

Rankin  Stewart,  Scientific  Chemist,  3  M' Aalin  Stxeei  ;  Mr.  William 

Charles  Maughan,  13  Shaftesbarj  Terrace. 

The  President,  in  conformity  with  notice  giren  in  the-  billet 
calling  the  Meeting,  moved — ''  That  a  Committee  be  appointed  to 
draw  np  a  Memorial  to  the  Lord  Chancellor,  and  PetitionH-  to  the 
two  Houses  of  Parliament,  for  Amendments  of  the  Patent  Laws, 
in  accfordance  with  the  Resolutions  and  Petition  adopted  bj  the 
Philosophical  Society  last  Session;  and  that  the  Committee  be 
authorised  to  spend  a  sum,  not  exceeding  £29,  in  printing  and 
circulating  among  Members  of  Parliament  and  other  influential 
persons,  the  Petition  of  the  Society  and  a  Statement  of  Reasons." 

Mr.  Deas  seconded  the  motion,  which  was  unanimously  agreed 
to,  it  being  explained  that,  in  accordance  with  the  Rules,  the 
portion  of  the  motion  voting  a  sum  of  money  requires  to  be  con- 
firmed by  a  second  vote  of  the-  Society  at  next  Meeting. 

The  following  were  appointed  the  Committee  : — 


Sir  William  Thomson,  LL.D., 

Converuir. 
Mr.  James  Robertson. 
Mr.  James  R.  Napier. 


Mr.  John  Brown. 

Professor  Jas.  Thomson,  LiL.D. 

Mr.  James  Steel. 

Mr.  Joseph  Anthony  Dixon. 


Mr.  St.  John  Vincent  Day. 

Dr.  Fergus  delivered,  in  presence  of  the  Society,  the  Opening 
Address  to  the  Sanitary  and  Social  Economy  Section : — Subfeci, 
"  Evils  of  Private  Bill  Legislation,  and  a  proposed  Remedy/' 

Mr.  Jiunes  Thomson,  F.G.S.,  described  a  new  Genus  and 
several  new  Species  of  Rugose  Corals  of  the  Carboniferous  lime- 
stone of  Scotland. 

In  COD  sequence  of  Wednesday,  the  24th  January,  being  fixed 
for  one  of  the  Lectures  in  the  course  of  the  Glasgow  Science 
Lectures  Association,  the  Society,  on  the  recommendation  of  the 
Council,  agreed  to  hold  its  next  Meeting  on  Friday,  the  26th 
January. 

January  26,  1877. — Sir  William  Thomson,  LL.D.,  Presideniy 

in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz. : — 

Dr.  John  G.  M'Kendrick,  Professor  of  Institutes  of  Medicine 
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University  of  Glasgow;  Mr.  Alfred  Arthur  Thomson,  Manufacturer, 
Annfield  House,  Dennistoun ;  Mr.  William  Thomson,  Manu£EU!turer, 
Annfield  House,  Dennistoun. 

Sir  William  Thomson  moved  that  the  Society  confirm  by  a 
second  vote,  according  to  the  Kules,  the  motion  passed  at  last 
meeting  that  the  Committee  on  the  Patent  Laws  be  authorised  to 
spend  a  sum,  not  exceeding  £20,  in  printing  and  circulating  among 
Members  of  Parliament,  and  other  influential  persons,  the  Petition 
of  the  Society  and  a  Statement  of  Reasons. 

The  motion  was  seconded  by  Dr.  Wallace,  and,  on  being  sub- 
mitted to  the  Society,  was  agreed  to. 

Dr.  Henry  Muirhead  requested  that  his  dissent  from  the  Society's 
decision  be  recorded. 

The  following  papers  from  the  Biological  Section  were  read  :— - 

Dr.  Stirton,  F.L.S.,— 

1.  "  On  the  Influence  of  the  Microscopic  Fungi  on  Plants  and 
Animals,  in  Health  and  Disease." 

2.  "  On  new  Genera  and  Species  of  Lichens  from  New  Zealand." 
Mr.   James    Thomson,    F.G.S.,   exhibited    a    specimen    of    his 

Engravings,  illustrative  of  Rugose  Corals,  printed  upon  wood. 


February  7,  1877. — Dr.  Fergus,  Vice-President^  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz.  : — 

Mr.  James  F.  Brown,  Manufacturer,  1  Annfield  Place,  Dennis* 
toun ;  Mr.  James  Bell,  32  Elmbank  Crescent. 

Dr.  Henry  Muirhead  read  a  paper  "  On  the  Senses — their 
Divisions  and  Work,  viewed  Physically  and  Evolutionally." 

Mr.  D.  C.  M'Vail,  M.B.,  gave  an  Account  of  some  Apparatus  for 
Recording  the  Movements  of  Respiration. 


February  21,  1877. — Dr.  Fergus,  Vice-Presidentf  in  the  Chair. 

The  following  were  elected  members  of  the  Society,  viz.  : — 
Mr.  George  Jones  Combe,  Heating  and  Ventilating  Engineer, 
34  Dundas  Street ;  Mr.  William  Combe,  Heating  and  Ventilating 
Engineer,   22   Dundas   Street ;    Mr.   William    Thorbum   Wilson, 
Calico  Printer,  4  Westbourne  Terrace. 
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Mr.  D.  Bruce  Peebles,  Engineer,  Edinburgh,  read  a  paper  "  On 
Gas  Governors,  with  Peebles'  System  of  Controlling  their  Action." 

The  Society  voted  thanioi  to  Mr.  Peebles. 

A  letter  was  received  from  Mr.  Joseph  Somerville,  Secretary  to 
the  Committee  formed  to  raise  a  memorial  in  honour  of  the  late 
Mr.  Kennedy,  Professor  of  Botany  in  Anderson's  University, 
requesting  the  Philosophical  Society  to  nominate  some  of  its 
members  to  form  part  of  the  Committee.  The  Society  appointed 
the  following: — Dr.  Stirton,  Dr.  Wallace,  Mr.  Archibald  Robertson, 
Mr.  John  Mayer,  and  Mr.  W.  Keddie. 

Mr.  John  Mayer  gave  notice  of  motion,  that  the  Society  grant 
the  sum  of  twenty  pounds  to  the  fund  for  raising  a  memorial  in 
honour  of  the  late  Mr  Kennedy,  Professor  of  Botany  in  Anderson's 
University. 


March  7,  1877. — Dr.FBBGUS,  Vice-Freddent,  in  Uic  Chair. 

The  following  were  elected  members  of  the  Society,  viz.  : — 

Mr.   James  Park,  Chemist,   42   Millbum   Street  j    Mr.   Henry 

Smith,  of  the  Steel  Company  of  Scotland  (Limited),  Springbank, 

Uddingston. 

Commander   Cheyne,   R.  N.,   delivered    a    Lecture    on    Arctic 

Exploration,   for  which   he   received  the  cordial  thanks   of    the 

Society. 


March  21,  1877.— Dr.  Fergus,  Vice-President,  in  the  C/iair. 

Mr.  James  Binnie,  6  Grown  Gardens,  Dowanhill,  was  elected  a 
member  of  the  Society. 

Dr.  Joseph  Coats  read  a  paper  "On  some  Recent  Views  of 
the  Functions  of  the  Brain,  and  its  Relations  to  other  Nervous 
Centres." 

Professor  Allen  Thomson,  M.D.,  and  Professor  W.  T.  Gairdner, 
M.D.,  took  part  in  the  discussion  of  this  communication. 

Mr.  R.  H.  Paterson  read  a  paper  "  On  Similar  Arrangements  for 
the  Prevention  of  Self-Fertilisation  in  Plants,  occurring  in  widely 
separated  Natural  Orders." 

The  next  Ordinary  Meeting  of  the  Society  was  appointed  to  be 
held  on  Wednesday,  the  11th  of  April. 


Minutes  of  Session,  429 

April  11,  1877, — Dr.  Fergus^  Vice-President,  in  the  Chair. 

Mr.  James  Brownlie,  Timber  Merchant,  Victoria  Saw-Mills,  was 
elected  a  member. 

Mr.  A.  B.  Dansken,  Insurance  Surveyor,  102  Bath  Street,  was 
proposed  as  a  member  by  Mr.  James  Parnie,  Mr.  Daniel  Munro, 
and  Mr.  John  Dansken;  and,  in  consideration  of  next  meeting 
being  the  last  of  the  Session,  the  Society  agreed  to  his  election  this 
evening,  in  order  to  his  being  admitted  on  the  25th  April 

Mr.  John  Mayer  moved,  that  the  Society  grant  the  sum  of  five 
pounds  to  the  fund  for  raising  a  memorial  in  honour  of  the  late 
Mr.  Roger  Hennedy,  Professor  of  Botany  in  Anderson's  College. 

The  motion  not  being  seconded,  was  lost. 

Mr.  James  Deas,  C.E.,  read  a  paper  "  On  the  Grardner  Process 
of  Seasoning  and  Preserving  Timber." 

Mr.  Alexander  TumbuU,  Engineer,  read  a  paper  "  On  a  New 
Method  of  Ballot- Voting." 


April  25,  1877. — Dr.  Fergus,  Vice-President,  in  the  Chair. 

The  following  were  proposed  as  members  of  the  Society,  viz.: — 

Dr.  Hugh  Thomson,  330  Renfrew  Street ;  recommended  by  Dr. 
Fergus,  Dr.  H.  C.  Cameron,  and  Dr.  J.  B.  Russell.  Mr.  David 
Sutherland,  Greenbrae,  PoUokshields  ;  recommended  by  Dr.  Fergus, 
Mr.  Schuman,  and  Dr.  Finlayson.  Mr.  William  Key,  Gas  Manager, 
1  Lancelot  Place,  PoUokshields ;  recommended  by  Dr.  Fergiis,  Dr. 
J.  B.  Russell,  and  Mr.  E.  M.  Dixon. 

Dr.  Andrew  Buchanan  read  a  paper  "  On  the  Position  of  the 
Centre  of  Gravity  of  the  Human  Body,  as  determining  the  Mecha- 
nical Relations  of  the  Two  Sides  of  the  Body  towards  each  other." 

Dr.  George  Buchanan,  Dr.  Gairdner,  Dr.  Fleming,  Mr.  W.  R.  W. 
Smith,  Mr.  Deas,  &c.,  took  part  in  the  discussion  of  this  paper. 

Mr.  D.  M.  Nelson  read  a  paper  "  On  Everett's  Patent  Liquid 
Meter." 

The  following  Reports  on  the  proceedings  of  the  Sections  during 
the  Session  were  given  in  by  their  respective  Secretaries  : — 

Biological  Section. 

The  OfBce-bearers  are  the  same  as  for  last  Session. 
President — Dr.  Eben.  Watson. 
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Viae-Presid^Ui, — Dr.  James  Stirton,  Mr.  James  Thomson,  F.G.S^ 
Mr.  Jdm  Bobertson. 

OOer  Ifemben  nf  amMea,  —  Mr.  XeU  Csraudmel,  M.D^  Xr. 
Thomas  Cfaspman,  Mr.  Joseph  CoatSy  M.D.,  Mr.  Htrniy  £.  Clarke, 
L.B.C.S.£njz.y  Mr.  John  Dougall^  M.D.,  Mr.  James  ^nlajson,  MJ>., 
Mr.  A.  £L  Irfine,  M.D.,  Mr.  John  Kirsopy  3ir.  D.  X.  Knox,  A  V^ 
M.R,  Mr.  Archibald  Robertson,  Mr.  David  Boberison,  F.G.S., 
Mr.  Henry  Mnirhead,  M.D. 

.9«r«tory,— 3Ir.  D.  C.  M^Vail,  M.B. 

Two  Associates  hare  been  admitted  to  the  Section — Mr.  R.  H. 
Paterson  and  Mr.  B.  Franklm  Muirhead. 

At  the  beginning  of  the  Session,  Dr.  Eben.  Watson,  the  Presi- 
dent, delivered  the  Inaogural  Address  of  the  Section  before  the 
Philosophical  Society,  and  this  address  the  Society  ordered  to  be 
printed.  Papers  from  the  Section  have  been  read  to  the  Society  by 
Dr.  James  Stirton,  Mr.  James  Thomson,  F.G.S.,  Dr.  Henry  Muir- 
head, Mr.  D.  C.  M'Tail,  M.B.,  Dr.  Joseph  Coats,  Mr.  R  H. 
Paterson,  and  Professor  Andrew  Buchanan.  The  various  subjects 
included  under  the  Biological  Section — Anatomy,  Physiology,  An- 
thropology, Natural  History,  and  Botany — ^have  been  very  fairly 
represented, — D.  C.  M'Vail^  Secretary, 

Architectubal  Sbctiok. 

I  have  the  pleasure  to  report  as  follows  on  the  work  of  our 
Section  during  the  last  Session.  The  following  papers  have  been 
read  : — 

\7th  January. — "  Report  on  Classification  of  House  Property," 
by  Mr.  J.  L.  Selkirk,  Convener  of  the  Committee  appointed  by  this 
Section, 

Zlst  January. — "On  Boilers  for  Heating  Apparatus,"  by  Mr. 
Wright. 

\^th  February, — "  On  Healthy  Dwellings  for  the  Poor,"  by  Mr. 
David  Thomson,  I.  A. 

28^*  February.-^''  On  Ventilation,"  by  Mr.  A.  L.  Miller. 

\itfb  March. — "On  Stained  Glass,  its  History  and  Modem 
Development,*'  by  Mr.  Stephen  Adam. 

Ath  April. — "  On  some  of  the  Chief  Modes  of  Decay  of  Stones  in 
Buildings,''  by  Professor  James  Thomson,  LL.D. 

The  last  meeting  of  our  Session  takes  place  on  2nd  May,  when  a 
paper  "  On  some  Notes  on  the  Heating  and  Ventilation  of  Private 
Houses,"  by  Mr.  Campbell  Douglas,  LA.,  will  be  read. 
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THe  attendance  at  our  meetings  during  the  Session  has  been  very 
encouraging,  and  all  the  papers  read  have  been  of  an  interesting 
character. — James  Selulbs,  Jun.,  Secretary. 

Chemical  Section- 

During  the  Session  now  drawing  to  a  close  the  proceedings  of  the 
Chemical  Section  have  been  of  a  very  varied  character,  and  they 
have  generally  been  invested  with  such  an  amount  of  interest  as  to 
have  increased,  in  a  marked  degree,  the  attendance  at  the  meetings. 
The  first  meeting  was  held  conjointly  with  the  Society  on  the 
22nd  November,  1876,  when  the  President,  Professor  John  Ferguson, 
M.A.,  delivered  the  opening  address,  his  subject  being — "Recent 
Inquiries  into  the  early  History  of  Chemistry." 

Since  then  there  have  been  eight  ordinary  meetings  of  the 
Section  held ;  and  from  the  circular  in  the  hands  of  the  members  it 
will  be  seen  that  another  meeting  is  announced  for  next  Monday 
evening,  which  will  be  the  concluding  one  for  the  present  Session. 
At  the  annual  business  meeting  of  the  Section  on  the  18th  of 
December,  Mr.  Tatlock,  who  had  for  so  many  years  and  with  such 
marked  efficiency  fulfilled  the  duties  of  Secretary,  resigned  the 
office,  much  to  the  regret  of  his  colleagues  in  the  Council  and  of 
the  Section  generally.  Without  any  warning  or  preparation  the 
present  occupant  of  the  office  was  almost  compelled  to  undertake 
the  duties  in  succession  to  Mr.  Tatlock,  and,  with  the  assistance  and 
co-operation  of  the  gentlemen  and  the  other  members  of  the  Council, 
he  has  the  satisfaction  of  being  able  to  say  that  the  meetings  have 
not  only  been  held  regularly  without  a  single  break,  but  that  on 
almost  every  occasion  there  have  been  at  least  two  papers  sub- 
mitted to  the  Section,  while  on  one  or  two  occasions  there  have 
even  been  three. 

The  following  are  the  titles  of  the  subjects  and  the  names  of  the 
authors  who  read  papers  : — 

1.  "Historical   Notes  on   the    Life   and   Works   of  Glauber," 
by  Professor  Ferguson. 

2.  "The    Chemical    Constitution    of   Illuminating    Gases,"   by 
Mr.  J.  J.  Coleman,  F.C.S. 

3.  "On    Injectors    and    other     Laboratory     Apparatus,"    by 
Mr.  R  M.  Dixon,  B.Sc. 

4.  "  On  the  Preservation  of  Metals,"  by  Dr.  John  Clark. 

5.  "On    the    Preparation    of    Natural    Model    Crystals,"   by 

Mr.  R.  R.  Tatlock,  F.RS.E, 
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6.  Lecture  by  Mr.  E.  M.  Dixon,  on  '<  The  Examinaiioxi  of  the 
Air  of  Glasgow." 

7.  "  On  the  Preparation  of  Acetyline ; "  and 

8.  "  On  an  attempt  to  prepare  Pyridine  Synthetically,"  both  by 
Dr.  William  Ramsay,  University  Laboratory. 

9.  "On  the  Maximum  Elasticity  of  Vapours,"  by  Mr.  Alex. 
Morton. 

10.  "  On  a  New  Form  of  Colorimeter; "  and 

11.  "On  the  Eetarding  Action  of  Sulphates  in  Chemical  Operar 
tions,"  both  by  Dr.  E.  J.  Mills,  F.RS. 

12.  "On  New  Chromium  and  Manganese  Compounds;"  and 

13.  "Description  of  a  New  Form  of  Goniometer,"  both  by 
Mr.  J.  B.  Hannay,  F.R.S.E.,  Young  Laboratory. 

14.  "Description  of  a  New  Form  of  Chemical  Balance,"  by 
Prof  Dittmar,  F.RS.E. 

15.  "Chemistry  as  applied  to  Sugar  Extraction  and  Kefining," 
by  Mr.  R.  Eraser  Smith. 

Our  'arrangements  for  the  concluding  meeting  of  the  Session, 
which  is  to  be  held  on  Monday,  30th  April,  include  two  papers  : — 

1.  "On  some  Colour  Reactions  of  the  Base  Cryptopia,"  by 
Mr.  James  Dobbie,  communicated  by  Dr.  William  Ramsay ;  and 

2.  "On  the  Determination  of  the  Organic  Matter  in  Potable 
Waters,"  by  Professor  Dittmar,  F.R.S.E.,  and  Mr.  H.  Robinson, — 
thus  making  in  all  seventeen  papers  during  the  Session. 

It  is  yery  satisfactory  to  observe  that  all  the  chemical  agencies 
of  the  city  have  co-operated  to  bring  about  the  success  of  the 
Section  during  the  present  Session.  In  Professor  Ferguson  and 
Dr.  Ramsay  we  have  had  valuable  assistance  from  the  University ; 
the  Young  College  of  Technical  Chemistry,  and  Anderson's  College, 
as  represented  by  Dr.  E.  J.  Mills,  Professor  Dittmar,  and  Mr.  J.  B. 
Hannay,  have  done  no  mean  share  of  the  sessional  work;  Mr. 
Tatlock  and  Dr.  Clark  have  represented  the  principal  commercial 
laboratory  in  the  city ;  and  Mr.  K  M.  Dixon,  as  the  representative 
of  the  scientific  culture  now  in  progress  at  the  Normal  Training 
College,  and  as  representing  chemical  analysis  for  sanitary  purposes, 
under  the  auspices  of  the  Health  Committee  of  the  Police  Board, 
has  likewise  done  a  large  portion  of  the  work  of  the  Session. 

In  conclusion,  it  may  be  mentioned  that  the  Council  of  the 
Section,  stimiilated  by  a  suggestion  from  Mr.  Coleman,  have  had 
under  consideration,  during  the  Session,  a  scheme  for  instituting  a 
fund  from  which  to  grant  medal  awards  for  the  best  papers  read  to 
the  Section  on  subjects  involving  original  scientific  research*     The 
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proposal  in  question  has  also  led  to  the  suggestion  of  a  '^  Graham 
Lecture,"  to  be  delivered  annually  under  the  auspices  of  the 
Philosophical  Society  by  a  chemist  of  eminence,  on  some  subject 
connected  with  progress  in  chemical  science,  or  the  application  of 
science  in  the  chemical  arts.  Both  questions  will  receive  the  most 
anxious  attention  of  the  Council  during  the  sumiher  recess,  and  it 
is  hoped  that  announcements  will  be  made  regarding  both  schemes 
early  in  the  autumn  of  the  present  year. — John  Mayeb,  Secretary. 

Physical  Section. 

The  Council  of  the  Physical  Section  have  to  report  that  the 
Session  of  1876-77  has  not  been  so  distinguished  by  great  activity 
as  that  of  last  year.  Among  the  causes  that  have  contributed  to 
this  result,  not  the  least  has  been  the  continued  absence,  from 
impaired  health,  of  their  esteemed  President.  The  organisation, 
however,  of  the  Section  has  been-  maintained  complete,  and  the 
Council  hope  that  in  future  Sessions  this  Section  may  resume  a 
more  vigorous  co-operation  with  the  other  Sections  towards  the 
increased  usefulness  of  the  Society.  The  following  is  a  list  of 
papers  which  have  been  transmitted  by  this  Section,  and  read  before 
general  meetings  of  the  Society  : — "  On  Experiments  on  the  Maxi- 
mum Elasticity  and  Density  of  Vapours,"  by  Mr.  Alexander  Morton, 
Engineer,  96  Buchanan  Street.  "  On  Electric  Governor,"  by  Mr. 
Laurence  Hill,  Consulting  Engineer,  59  St.  Vincent  Street.  "  On 
a  New  Method  of  Ballot- voting,"  by  Mr.  Alexander  Tumbull, 
Engineer,  192  New  City  Road.  "On  Everett's  Patent  Liquid 
Meter,"  by  Mr.  D.  M.  Nelson,  Contracting  Engineer,  48  €k>rdon 
Street — Colin  B.  Fazrlie,  Secretary, 

Sanitabt  A3sj>  Social  Economy  Seotionv 

The  Session  was  opened  by  an  introductory  lecture  by  Pr.  Fergus 
on  "The  Evils  of  Private  Bill  Legislation,  and  their  Remedy.*' 
Owing  to  the  difficulty  experienced  in  obtaining  papers  for  reading 
and  discussion,  no  ordinary  meetings  of  the  Section  were  held 
during  the  Session. — Gavin  C^pman,  Secretary, 


On  the  motion  of  Mr.  Deas,  seconded  by  Mr.  W.  R.  W.  Smith, 
the  cordial  thanks  of  the  Society  were  voted  to  Dr.  Fergus,  Vice- 
President,  for  his  valuable  services  as  Chairman  during  the  greater 
part  of  the  Session  now  tei*minated. 
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Bepoii  on  the  Alkali  and  Blfiaching  Pow* 
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Science  baaed  on  Bdigion :  a  Sketch  of  a 
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Notes  on  the  Fannm  and  Flora  of  the  West 
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Ornamental  Textile  Fabrics  of  all  Ages  and  Nations  :  A  Practical  Collection  of 
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The  Physical  Basis  of  Mind ;  being  the  second  series  of  Problems  of  Life  and 
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Introduction  to  the  Theory  of  Electricity,  with  numerous  Examples.    By 
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Association  Fran^aise  pour  TAvancement  des  Sciences.    Comptes-Rendus  de  la 
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Physical  Geography  of  the  Terraqueous  Globe  and  its  Phenomena.    By  William 
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Life  of  Sir  William  Fairbaim,  Bari,  F.B.S.,  LLD.,  D.C.L.     Edited  and 
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FiiglpfTiaim.     3  joitB,  4ta     lirrjiynz.  leT5-lS7€. 
Tedmcilogiadiiet  Worta^mdi  in    FrBuZiBBc^ier,    DentBcber.  izz»d    Eai^^schcr 

^irache.    Bevbeitet  too  Alexaader  TfiTh«n»m,  PLD^  M.A.,  in  Lpodon. 
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